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PEEFACE. 



In the Preface to the Third Edition of my work on Heat, 
written in January 1868, the hope was expressed that before 
the end of that year the original Memoirs which I had 
contributed to the ' Philosophical Transactions/ and other 
journals, during the previous eighteen years, would be pre- 
sented to the scientific public. Hitherto this hope has 
been only partially fulfilled by the publication of the 
researches on Diamagnetism and Magne-crystallic Action. 

The present volume contains the Memoirs on Eadiant 
Heat, considered as an explorer of Molecular Condition. I 
have read them over carefully, and have tried to augment 
their clearness without altering their substance. 

In front of each memoir is placed an analysis of its 
contents, from which the reader can at once learn the 
nature of the inquiry. I have also added here and there 
some necessary historic data. 

The points of difference between the late Professor 
Magnus and myself regarding the action of air and that 
of aqueous vapour on radiant heat are placed in their 
proper sequence and relation. At the end of the series of 
Memoirs the discussion is resumed, and brought, I trust, to 
a fair conclusion. 



I ought to inform the reader who desires but a partial or 
general acquaintance with these researches, that summaries 
of moat of them have been already published in the 
various editions of my work on Heat. 

Finally, I would offer my best thanks to the Council of 
the Koyal Society for the ready courtesy with which they 
granted me the use of the Plates employed to illustrate 
these Memoirs in the * Philosophical Transactions.' 

Joss Tyhdall. 



May 1872. 






CONTENTS. 



•c* 



PAGE 

Analysis of Memoir 1 2 

L Ok the Absobptcon and Radiation of Heat bt Gases and 
Vapoubs, and on the Physical Connexion of Radiation, 

Absorption, and Conduction 7 

Introduction 7 

Sect 1. The Galvanometer and its Defects.*— Magnetic Analysis of its Wire 8 

2. First Experiments on Absolution by Ordinary Methods . . 11 

8. Method of Compensation 13 

4. Final Form of Apparatus 15 

6. Absorption of Radiant Heat. First Results. — Action of Ozone 

and of Compound Gases on Radiant Heat 17 

6. Variations of Density. — Relation of Absorption to Quantity of 

Matter 21 

7. Action of Sulphuric-ether Vapour on Radiant Heat ... 24 

8. Extension of Inquiry to other Vapours 27 

9. Action of Chlorine. — Possible Influence of Vapours on the Interior 

Surface of the Experimental Tube ...... 34 

10. Action of Permanent Gases on Radiant Heat . . . .36 

11. Action of Aqueous Vapour. — Possible Effect of an Atmospheric 

Envelope on the Temperature of a Planet 38 

12. Radiation of Heat bt Gases. Reciprocal Experiments on 

Radiation and Absorption 41 

13. The Varnishing of Polished Metal Surfaces by Gases ... 44 

14. First Observation of the Radiation of a Vapour heated dynami- 

cally 44 

16. On the Physical Connexion of Radiation, Absorption, and Con- 
duction 40 

8UFFLE]CENTABT REMARKS, 1872 51 

1. Note on the Construction of the Thermo-electric Pile . . .51 

2. Note on the Construction of the Galvanometer .... 63 
8. Remarks on the different Values of Galvanometric Degrees . . 55 
4. Calibration of the Galvanometer 50 

Historic Remarks on Memoir L 59 



CONTESTS. 



Analysis or Memoir IX 66 

* • 

II. Further Researches ox the Absorption ahd BadiatiosT 

of Heat bt Gaseous Matteb 69 

Sect 1. Recapitulation 69 

2. New Apparatus ."71 

3. Preliminary Effort* and Precautions. — Chlorine, Oioiie, and Aqueous 

Vapour 72 

4. First Experiments on the Human Breath. — Chlorine and Hydro- 

chloric Acid. — Bromine and Hydrobromie Add • ... 75 

6. New Experiments on Gases 80 

6. Radiation through Black Glass and Lampblack • • • • 83 

7. Selectire Absorption by Lampblack 84 

8. New Experiments on Vapours. — Further Proof of the Influence of 

Chemical Combination on the Absorption of Radiant Heat • 85 

9. Superior Action at one Pressure does not prove Superiority as all 

Pressures 88 

10. Dynamic Radiation akd Absorption • .... 89 

11. To determine the Radiation and Absorption of Gases and Vapours 

without any Source of Heat external to the Gaseous Body itself. 

I. — Vapours 91 

12. A rtompted Estimate of Quantity of Radiant Vapour ... 93 

13. II. — Gases -96 

14. Influence of Length and Density of Radiating Column . . 86 

16. I^place's Correction for the Velocity of Sound. — Remarks on the 

Radiant Power of Molecules and Atoms 97 

10. Action of Odours upon Radiant Heat 89 

17. Action of Ozone upon Radiant Heat 102 

IK. Experiments of De la Rive and Meidinger 108 

19. On the Constitution of Osone 104 

20. Action of Aqueous Vapour upon Radiant Heat — Experiments of 

Professor Magnus . . . . . . . . .105 

21. Night-Moisture on tho Interior Surface of Experimental Tube. 

— Almndonment of Rock-salt Plates . . . . . .110 

22. Proposed Solution of Discrepancies 114 

2a. Action of Atmospheric Envelope. — Possible Experimental Deter- 
mination of the Temperature of Space . . . . .117 

2 4. Remarks on the Experimental Evidence of Gaseous Conduction. 

—Influence of Density on Convection. — Internal Friction of Air 118 



Analysis of Mkmoir III 124 

III. On tiik Relation of Radiant Heat to Aqueous Vapour . . 127 

1. Objections to Rock-salt Plates considered. — New Experimental 

Arrangement ....»••... 127 

2. Objection to Employment of Lnndon Air considered. — Radiation 

through Air from Various I^ocalities 128 

3. Radiation through Open Tubes 181 

4. Endintion through. Closed Tubes.— The Quantity of Heat absorbed 

proportional to the Quantity of Humid Air . . . .133 

i. Radiation through tho Open Air ...... . 135 



CONTENTS. XL 

PAGE 

Sect. 6. Application of Results to Meteorology. — Tropical Rains. — Cumuli. 
—-Condensation by Mountains. — Temperatures at Great Eleva- 
tions. — Thermometric Range in Australia, Tibet, and Sahara. — 
Leslie's Observations. — Melloni on Serein . . .137 

ANAIY8I8 OF MeMOIB IV 146 

IV. On this Pass^e of Radiant Heat through Dry and Humid 

Air 149 



Analysis of Memoir V. . 164 

Y. On the Absorption and Radiation of Heat by Gaseous and 

Liquid Matter 165 

LfTEODUcnoN 165 

1. Further Experiments on the Power of Gaseous Matter over Radiant 

Heat. — New Apparatus. — Absorption by Gaseous Strata of 
different Thicknesses 166 

2. Effect of an Atmospheric Shell of Gas or Vapour two inches thick 

upon the Temperature of a Planet 170 

8. New Method of Experiment and its results — Division of Experi- 
mental Tube into two chambers. — Transmission of Radiant Heat 

through Gases in one or both 172 

4. Influence of 'Sifting' by Gaseous Media 176 

6. Application of Method to Vapours .179 

6. New Experiments on Dynamic Radiation. — Radiation of Dynami- 

cally heated Gas through the same Gas, or through other Gases 183 

7. Influence of Tarnish, or of a Lining on the Interior Surface of 

Experimental Tube.— Dynamic Radiation from the Surface . 186 

8. Radiation of dynamically heated Vapour through the same Vapour 

and through a Vacuum.— Influence of Length of Radiating Column. 
—Different Effects of Length on Gases and Vapours . . . 1 88 

9. First Comparison of the Actions of Liquids and their Vapours 

upon Radiant Heat 191 

Analysis op Memoir VI. . - 196 

VI, Contributions to Molecular Physics ,199 

1. Preliminary Considerations.— Description of Apparatus . . 199 

2. Absorption of Radiant Heat of a certain Quality by eleven different 

Liquids at five different Thicknesses ....#. 205 

3. Absorption of Radiant Heat of the same Quality by the Vapours 

of these Liquids at a common Pressure 209 

4. Order of Absorption of Liquids at a common Thickness, and Va- 

pours at a common Pressure 210 

5. Order of Absorption of Liquids and Vapours in proportional 

Quantities 211 

6. Remarks on the Chemical Constitution of Bodies with reference to 

their Powers of Absorption 214 



Analysis or M 

TT TflBTHEB R^ 11 

of He" ff 



2. Be* Apr» r '"'; : 
8. Pi*liniio»ry ■ 

T»pour 
4. Fhrt E«\* r '"'" 
chloric Aii 

6. BidUtWB ti.r ■ 

B. V* 1'V'' ' 

g. SuBoiD* **■ 
PreMVsrc 

jo. Dtsww 1 * 
11. TodiW"' 1 ' 

without ": 





Sect 7. Transmiasiinn of Radiant Heat through Bodies opaque la Light. — 

Remark* on the Physical Cause of Transparency and Opacity . 21S 
S. Influence of (lie Temperature of the Source of Beat on the Trans- 
mission of Radiant Beat 21V 

9. Changea of Diathermancy through , Changes of Temperature. — 
Radiation from Lampblack at 1 W C. (.Mm pared with that from 
■ white-hot :.!ium 222 

10. Changes of Diathermancy through Change of Source of Heat. — 

Radiation from Platinum and from Lampblack at the same 
Temperature 224 

11. Radiation from Flames through Vapours. — Further Change* of 

Diathenn.;r.i:Y 226 

12. Radiation of Hydrogen Flame throogh Dry and Humid Air. — 

Influence of Vibrating Period on the Absorption . . . 229 

13. Radiation of Carbonic-oxide Flume through Dry and Humid Air, 

and through Carbonic Acid Gas. — Further illustration of Influ- 
ence of Vibrating Period 2SO 

14. Comparati»e Radiation of Carbonic-oxide Flame through Carbonic 

Acid Gas and Olefiant Gas 232 

15. Radiation of Hydrogen Flame through Carbonic Acid Gas and 

Olefiant Gas 233 

18. Radiation of Carbonic-oxide Flame through Carbonic Oxide and 

of Bisulp'ii.lo-of-Carbon Flame through Sulphurous Acid . . 281 

17. Radiation of the Flames of Carbonic Oxide and Hydrogen through 

Sulphuric and Formic Ether Vapours.— Reversal of Order of 
Absorption 235 

18. Radiation of Hydrogen Flame, and of Platinum Spiral plonged in 

Hydrogen Flams, through Liquids.— Conversion of Long Periods 
into Short ones 236 

19. Radiation of Small Gas Flame compared with that of Hydrogen 

Flams— Further Cliangcs of Diathermic Position . . .240 

20. Explanation of Certain Results of tttBomt and KnMauch . . 241 

21. Radiation of Hydrogen Flame through Lampblack, Iodine, and 

Rockrsalt. — Diathermancy of Rock-salt examined . . . 243 

22. Physical Connexion between Radiation and Conduction . . 215 



Analysis of Memoir VII. 2B0 

V1T. On Luminous and Obscure Radiation ass 

1 . Spectrum of Hydrogen Flame 263 

2. Influence of Solid Particles 268 

% Persistence and Strengthening of Obscure Raj* by i u fomentation 

of Temperature 2fitJ 

4. Persistence and Strengthening of R-iys illustrated by means of 

a Ray-fllt-r <.f Iodine and Bisulphide of Carbon . . . . 2S8 

5. Combustion by Invisible Ray* 261 

6. Melloni's Method of determining the Ratio of visible to Invisible 

Bays.— Diathermancy of Alum and of the Humours of the Eye . 961 



CONTENTS. Xlll 

FAG1 

ANALTSI8 OF MEMOIE VU1 270 

Vm. On Calorescence, or the Transmutation of Hiat Rats . 273 

Sect 1. General Statement of the Nature of this Inquiry . . . 273 
2. Source of Rays. — Employment of Rock-salt Train . . .275 
8. Methods of Experiment and Tabulated Result* . 276 

4. Graphic Representation of Results. — Curve of the Electric Spec- 

trum. — Deviations from Solar Spectrum 279 

5. Rays from Obscure Sources of Heat contrasted with Obscure Rays 

from Luminous Sources of Heat. — Further Observations on the 
Construction of a Ray-filter 282 

6. Invisible Foci of the Electric-light — Efforts to intensify their Heat 

— Danger of Bisulphide of Carbon, and trial of other substances. 

— Final Precautions 286 

7. Calorific Effects at Invisible Focus.— Placing of the Eye there . 290 

8. Improvement of Mirrors. — Exalted Effects of Combustion at Dark 

Focus 293 

9. Transmutation of Heat Rays. — Calorescence .... 294 

10. Various Modes of obtaining with the Electric-light Invisible Foci 

for Combustion and Calorescence 296 

11. Invisible Foci of the Lime-light and the Sun .... 300 

12. Relation of Colour to Combustion by Dark Rays .... 302 
18. Calorescence through Ray-filters of Glass. — Remarks on the Black- 
bulb Thermometer 303 

Analysis of Memoir IX. 308 

IX. On the Influence of Colour and Mechanical Condition 

on Radiant Heat 31 1 

1. Proof that White Bodies sometimes absorb Heat more copiously 

than Dark ones. — Explanation 311 

2. Melloni on Colours, and Masson and Courte*p6e on Powders, in 

relation to Radiant Heat . 314 

3. N«w Experiments on Chemical Precipitates. — Influence of Colour 

and Chemical Constitution. — Sulphur Cement . . .. .316 

4. Tabulation of the Radiant Powers of Pov ders. — Employment of 

Electric Attraction instead of Sulphur Cement . . . .320 

5. Qualitative Experiments. — Radiation of various Bodies through 

Rock-salt. — Unequal Diathermancy of the Substance . .321 

6. Radiation of Powders. — Reciprocity of Radiation and Absorp- 

tion 325 

Analysis of Memoir X 330 

X. On the Action of Bats op High Refrangibility upon 

Gaseous Matter 3 33 

1. Introduction 333 

2. Theoretic Notions: Formation of Actinic Clouds through the 

Decomposition of Vapours by Light 336 

3. Description of Apparatus 338 



XiV CONTENTS. 

PAGB 

Sect 4. T1i« Floating Matter of the Air 338 

b. Deportment of Nitrite of Amyl 342 

6. Iodide of Allyl and Iodide of Isopropyl 345 

7. Deportment of Liquids and of their Vapours towards Bays of High 

Itefrangibility 346 

8. Influence of a Second Body on the Actinic Process . . . 349 

0. Generation of Artificial Skies 352 

10. Changes of Polarization in Actinic Clouds 354 

11. Early Difficulties and Sources of Error. — Action of Infinitesimal 

Quantities of Vapour 357 

12. Details of Experiments 362 

13. Action of Kays of Low Refrangibility 374 

XL Aqueous Vapour: Discussion Resumed 378 

Analysis of Pbofxssob Magnus's Pafeb on Gaseous Conduction and 

Ajihouption 378 

1. Gaseous Conductivity 878 

2. duteous Diathermancy 880 

3. Proof of Convection 381 

4. Experiments in Glass Tubes with Glass Ends .... 882 

OlIMKUVATIONS ON P&0FE880B MAGNUS'S PAPER * On THB INFLUENCE OF 

TUK AlttOUPTlON OF HXAT ON THB FORMATION OF DbW ' . . . 383 

1. Explanatory Remarks 383 

2. Discussion of Paper 385 

First Remark* on the Paper of Professor Magnus . . . 887 

JWw«or Wild's Experiments 889 

Professor Miifrnus's Last Paper * 390 

Huuiarks on Professor Magnus's Last Paper 892 

Concluding Uomarks and Summary 896 

1 en- making iu the Tropics 399 

XII. Recent Researches on Radiant Heat 405 

XIII. On Radiation through the Earth's Atmosphere . . .421 

XIV. On a New Seriks or Chemical Reactions produced by 

Limit ' 425 

Aol ion of the Electric-light 425 

Art iou of Sunlight 427 

ritYMcnl Considerations 427 

Production of the Blue of the Sky by the Decomposition of Nitrite of Amy 1 429 

XV. On thk Hue Colour or the Set, the Polarization of 

SkY-1-UMIT, ANl> ON THE POLARIZATION OF LlGHT BT CLOUDY. 

Ma iter v.; enk rally 431 

XVI. On Com ktaky Tukort 441 

XV 11. On tuk Formation and Phenomena or Clouds . . . 445 



LIST OF PLATES. 



Plate illustrating Memoir I. on the Absorption and Radiation 
or Heat bt Gases and Vapours, and on the Physical Con- 
nexion of Radiation, Absorption, and Conduction . Frontispiece. 



Plate illustrating Memoir XI. on Aqueous Vapour to face page 378 



m 



I. 

ON THE ABSORPTION AND RADIATION OF HEAT BY 
GASES AND VAPOURS, AND ON THE PHYSICAL 
CONNEXION OF RADIATION, ABSORPTION, AND 
CONDUCTION. 



ANALYSIS OF MEMOIR L 



The researches embodied in the following memoir were begun in the early 
part of 1859 ; and the first notice of them is published in the * Proceedings of 
the Royal Society ' for the 26th of May of that year. 

They arose in part from the desire to do for the gaseous form of matter what 
had been previously so well done by Melloni for the liquid and solid states of 
aggregation. They were also stimulated by the persuasion that not only the 
physical but the chemical, in other words the motendmr^ condition of bodies 
probably pliyed a part previously unrecognised in the phenomena of radiation 
and absorption. 

At the time here referred to, the belief was general that as regards its rela- 
tion to radiant heat the gaseous form of matter was inaccessible to experiment. 
Of the published attempts in this direction, two only are known to me, the one 
by Melloni and the other by Franz. Both are referred to in the * Introduction' 
to this memoir, and are there stated, I belieye correctly, to have left this field 
of inquiry ' perfectly unbroken ground.' 

The memoir naturally begins with a description of the instruments employed; 
the difficulty of obtaining a galvanometer-coil free from magnetic action is 
dwelt upon ; and a simple method is proposed of testing the galvanometric 
purity of copper wire. It is shown that by an experiment of a moment's 
duration we can satisfy ourselves, before the coil is constructed, whether the 
wire is fit for galvanometric purposes or not 

Following the methods of observation introduced by Melloni, experiments on 
air and other gases were executed and recorded. They proved conclusively 
that to grapple with these gases far more powerful sources of heat than any 
previously employed would be necessary. Hence aroee the problem how to 
employ such sources, and at the same time to maintain the needle of the galvano- 
meter in * condition as sensitive as if no heat at all were falling upon the 
thermo-electric pile. 

The problem i* thus solved : — Two sources of heat are permitted to radiate 
against the two opposite face* of the pile. However powerful these opposing 
radiations msy be, if they be only equal, they neutralise each other, and permit 
the needle of the galvanometer to point tranquilly to tero. Between one of 
these sources ami the pile a wide tube is introduced, which can be exhausted 
or filled at pleasure with any gas. Hnppoeing the opposing forces to be equal 
when the tube is empty, the introduction of any gas, capable of quenching eyen 
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,roal fraction of the beat, would give tile opposite source tlm mastery; 

of the galvanometer would follow, and from ibe magnitude of the 

of bent quenched by the gas could be immediately 

The final form of the apparatus thua sketched in outline was determined by 
cm 1 1 is,- n( tentative experiments. The possibilities of error were nutuerouB, 
a the arrangement of the apparatus and in the selection and pttiifloatioa 
the subalances to be examined. Experiments are recorded which show the 
aittaimal action of the elementary gasea and the perfectly NUVOMHM MtStsB 
nna of the compound gases upon nidi nut heat. To raider these contrasting; 
lit* secure ; to guard against instrumental defects which might readily sub- 
ate a delusive for a real action : and to avoid impurities which, though 
iinite*im«l when measured chemically, were found competent iu the case of 
e feebler g*-K>s to entirely vitiate the results, some thousands of experiments 

e executed. 

As regards instrumental arrangements, for example, it wns proved that 
to avoid error* arising from convection, and from dynamic heating and chilling, 
9 absolutely necessary that the gases examined should not come into 
t either with the radiating source or with the face of the tliermo- 
lectric pile. It was necessary that the beat lost by the one and received by 
m other should be purely radiant heat — a result which could never he calculated 
ipori if cud tact were permitted with either the pile or the source. 

■ ■ arliett trials with the new apparatus, in which electr.iv :i 
ad, proved the modicum of ozone which accompanied the oxygen to 
;t more potent action upon radiant heat than the o.vygi'ti it-.-lt. In 
it [L this result is further developed, the const itti lion of ozone now 

pnenlly agreed upon being deduced from these developments. 

■ action of oxygen, hydrogen, nitrogen, and air, even at the full 

Em Of the atmosphere and subjected to the moat powerful tests, proved 
J mensurable, amounting certainly to not more than a fraction of a unit 
JWMnU nf the incident heat; experiments on ulefiant gas are recorded in which 
lbs qutntities employed varied from y^j^tb of an atmosphere to a whole 
itiurjijilrtsn?, and yielded throughout a perfectly measurable action. The 
. this gas, under (he pressure of an atmosphere, amounted to fully 
81 pet ecnt. of the incident radiation. 

nti no sulphuric-ether vapour are also recorded in which the pres- 
i, of an atmosphere to the maximum pressure 
of tio iiipuur, the quantity of lapnur enrrosp nding to the smallest of these 
P""urw being proved capable of producing a measurable effect. Comparing 
«1»»1 ]tiHMir«a up to 5 inches of mercury, sulphuric -ether vBpour w u 
l* »nr» than twice as potent as oleliant ga». 

Tlit Mtioti of the following vapours at various degrees of density upon 
iMnni tut is afterwards recorded : — Bisulphide of carbon, amylene, iodide of 
of methyl, iodide of amy!, chloride of umyl, benzol, methylic 
. ic ether, propionic ether, chloroform, and alcohol. 

i.ig in the cylinders of the air-pump when 
with attenuated bis ulp bide- of-carbon vapour is referred to and 
rrrJiuiHi. 

;:■ ii next operated on, and ila action in altering the 

rfaoe of the experimental tube ia demonstrated. This 
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lends to a searching inquiry whether any of the effects observed with the vapours 
above mentioned could be due to a diminution of interior reflexion. Two 
parallel series of experiments executed with two different experimental tubes, 
the ono polished, and the other blackened within, are recorded. In nine cases 
out of thirteen the order of absorption in both tubes was the same; in fact, the 
absorptions in the blackened tube multiplied by a certain coefficient were 
sensibly equal to those in the polished tube. In the case of the four re m a inin g 
vapours slight deviations from the order of absorption were observed. These 
it was deemed unnecessary to follow up, so conclusive was the evidence that the 
ohsvrwl ejfixt* trtre really cases of absorption, and by no means to be referred to 
any tilt i ration of the reflecting surface whether by chemical action or by c on den s a - 
tion. 

The notions of other permanent gases than those already referred to are 
then recorded. 

Fa penmen ta are next described which illustrate the action of the aqueous 
vn pour of our atmosphere on radiant heat ; and considerations follow regarding 
the iutliicnce of an atmosphere like ours upon the temperature of a planet. In 
former speculation* upon this subject the density and height of the atmosphere 
wert« dwelt upon by distinguished writers ; but it is here pointed out that a 
eonipnrnti\ely slight change iu the variable constituents of our atmosphere, by 
permit tine free acves* of solar heat to the earth, and checking the outflow of 
terrestrial lie.it toward* space, would produce changes of climate as great as 
those which the discoveries *>f ^eolo^y reveal 

Thus tar our attention has been restricted to the absorption of radiant heat by 
CAm\hi* maitcr* not only the general fact of absorption, but vast differences of 
al-crp:i\o power bein*: established experimentally. We now come tn a series of 
rvciyrw.V. experiments on the t\:%»ht:um of heat by pases, which demonstrate 
r..'t c.'S il;o i:vticral fact of radiatiou. but that the order of radiation ispreci?eiv 
the vt; e as the order of ahsorpii u. As regards bo:h radiation and absorption 
the e\-«c:«ary isase* in the experiments here recorded, stand lowest: oletiant 
£v>> I'.^I'.e*: ; and k^weesi these extremes stand the other compound gases 
* * '•. .m : a". v sh ;ft i w * o f ivvti: i >*:i. 

1: *s uvther >hvwt\ that a ti'.su of ci*. \va:i:u: a po /.shed metallic surface, mar, 
K 1 :.*. *^ ".v^ard* radiat:.*a and abooryti^j:. be iua;.:< :o d- the duty of a coat of 
\r* ■*"■, .*r c:* Iai&\vV.acV. in iv. ,*rv*>: :•£ tie <5ui ; .x»ve as-i abscrpave power of 

. . . N . . . ,1 <^ . 

\ v .:r '*■■ .-«>d,w cf ?V.s *c.V : :v: yr ; ..r :„* the ::^:i^ exp?ri3ie = ts is thus 
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ANALYSIS OF MEMOIR I. 

ajid absorption. When the air entered, the vapour was dynamically heated ; 
it discharged its heat against the pile, and thus apparently augmented the 
transmission. When the tube was exhausted the vapour was chilled, and the 
radiation into it from the adjacent face of the pile produced for a moment the 
deflection due to absorption. In subsequent memoirs, imder the name of 
Dynamic Radiation and Absorption, this subject is fully developed. 

In the last section of the memoir an attempt is made to establish a physical 
connexion between radiation, absorption, and conduction. One of the specu- 
lative notions in this section subsequent experience has caused me to modify. 
Radiation and Absorption are here regarded as the acts of the molecule as a 
whole, whereas I now hold them to be mainly the work of the constituent 
atoms of the molecule. Experimental reasons for this change of conception 
will be given subsequently. The memoir winds up with some supplementary 
remarks on the thermo-electric pile and galvanometer, intended chiefly for the 
use of the younger student. 



ON THE ABSORPTION AND RADIATION OP HEAT BY 
GASES AND VAPOURS, AND ON THE PHYSICAL CON- 
NEXION OF RADIATION, ABSORPTION, AND CON- 
DUCTION. 



The Bakerian Lecture delivered before the Royal Society, 

February 7, 1861 * 



inteoductIon. 

The besearches on Glaciers which. I have had the honour 
of submitting from time to time to the Royal Society 
directed my attention in a special manner to the observations 
and speculations of De Saussure, Fourier, Pouillet, and 
Hopkins, on the transmission of solar and terrestrial heat 
through the earth's atmosphere, and gave practical effect to 
a desire long previously entertained to make the mutual 
action of radiant heat and gases and vapours of all kinds the 
subject of experimental inquiry. 

Our acquaintance with this department of Physics is exceed- 
ingly limited. So far as my knowledge extends, the literature 
of the subject may be stated in a few words. 

From experiments with his admirable thermo-electric appa- 
ratus, Melloni inferred that for a distance of 18 or 20 feet the 
absorption of radiant heat by atmospheric air is perfectly insen- 
sible.f 

* Received January 10. Philosophical Transactions for 1861 ; Philosophical 
Magazine, vol. xxii. p. 169. 
f La Thermochrose, p. 136. 
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With a delicate apparatus of the same kind, Dr. Franx, of 
Berlin, found that the air contained in a tube S feet long 
absorbed 3*54 per cent, of the heat sent through it froni an 
Argand lamp ; that is to say, calling the number of rays which 
passed through the exhausted tube 100, the number which 
passed when the tube was filled with air was only 96-46.* 

In the sequel it will be shown that the result obtained by 
Dr. Franz was due to an inadvertence in his mode of ob- 
servation. These are the only experiments of this nature with 
which I am acquainted, and they leave the field of inquiry 
now before us perfectly unbroken ground. f 

§i. 

The Galvanometer and its Defects. — Magnetic Analysis of its. Wire* 

At an early stage of the investigation I experienced the need 
of a first-class galvanometer. My instrument was constructed 
by that excellent workman Sauerwald, of Berlin. The needles 
are suspended independently of the shade, which is con- 
»trui:teil so as to enclose the smallest possible amount of air, 
thu disturbance of aerial currents being thereby practically 
m vuiiictl. The piano glass plate, which forms the cover of the 
JM»t.riiiii«iif<, is close to the needle; so that the position of the 
Inline i'uii bo read off with ease and accuracy either by the naked 
i^u in liy tt magnifying lens. 

'I'lin win) of Mut coil bolonging to this instrument was drawn 
\\v\w tui|i|n>r nhtainml from a gnlvaaio-plostic manufactory in the 
t'MtattMii tuipititl i but It was not free from magnetic action. 

\w iHUii*iit|iuiiii't« of this, whon the needles were as perfectly 
iA*Utio ti" I """III ntakn thorn they deviated as much as 30° 
V^M *utl It'N »f t tin notttml line. To neutralise this deflection, 
<t W^svU* tutm until' • ooiupoimafcor * was made use of, by which 
Uw wwM» wu* gently drawn to sero in opposition to the 

Kui. i*Uo \»«(MUiuMii Mifflwri much in point of delicacy from 
■<fc* %i4*"jisW^^i IMU ' w° wr *to quantitative determinationa 

*-^te Mit - Sv ^ vsx V *** tt * . i 

2*T\ W ^ , v >.l\ ..\fcvv4WW*» , i"" «*" *M<Mm**l ^ wrtaMMi th* action of air upon 
^ v k vV v \k> W*Ml»»« ihwiM uwt h*v* Iwcou* ttuiv«r«tl that no aoch 
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with it were unattainable. I therefore sought to replace the 
Berlin coil by a less magnetic one. Mr. Becker first supplied 
me with a coil which reduced the lateral deflection from 80° 
to 8°.' 

Bat even this small residue was a source of great annoy- 
ance, and for a time I almost despaired of obtaining pure 
copper wire. I knew that Professor Magnus had succeeded in 
obtaining it for his galvanometer, but the labour of doing so 
was immense. He first fused, and had drawn into wire, copper 
obtained from a galvano-plastic manufactory, but found, after 
the completion of his coil, its magnetic condition intolerable. 
* I have therefore/ he says, * specially purified my copper in 
the following manner : A solution of sulphate of copper was 
saturated with ammonia, until the precipitated oxide was again 
dissolved. The precipitated oxide of iron was removed by filtra- 
tion, and, as copper is not easily precipitated electrolytically 
from an ammoniacal solution, the fluid was evaporated to 
dryness, and all the ammonia thus drawn off. The sulphate of 
copper thus purified was dissolved in water and precipitated by 
theYoltaic current. As it was found impossible to separate 
the copper in an adherent mass, it was necessary to fuse it. 
Unhappily a very brittle metal is thus obtained, which cannot 
be drawn into wires. The metal had to be fused eight times 
in succession before it was rendered fit for this purpose. 
This process/ continues Magnus, ' of purifying copper is very 
troublesome and very costly. Without doubt it would be 
possible to obtain silver quite as free from magnetism as this 
*ire, and by an easy calculation it might be proved that it 
*ould cost considerably less than an equal weight of copper 
prepared in the 'foregoing way/ * 

* Pogg. Ann. vol. lxxxiii. p. 489. 

Helloai gives the following account of the formidable nuisance of a magnetic 
•fli 'Les gystemes astatiques tres-sensibles appliques comme nous Tenons de l'indi- 
flferaux helices d'un fil ordinaire de cuivre ou d'argent, presentent presque toujours le 
ait carieux de ne pouvoir s'arreter au zero du cudran ; c'est-a-dire que, generalement, 
J* ftysttawi astatiques doues d'une grande sensibility ne peuvent s'arreter dans le plan 
vertical qui d'mse l'helice en deux portions egales, parallelement a la direction des 
l P r *- Lorsqu'on cherche a les amener dans ce plan, en tournant doucement l'helice 
*» leor position cTequilibre, on les voit s'ecarter aussitdt, a droit© ou a gauche, et, 
1*k quelques oscillations, se fixer stablement dans une position d'equilibre plus ou 
"rim eloignee dn zero. On mesure aisement cet arc de deviation moyennant un cercle 

Kba que Ton fixe a la partie superieure de l'helice apres y avoir pratique une ouver- 
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While pondering over the means of avoiding so formidable! 
task, the thought occurred to me that a magnet furnished u> 
immediate and perfect teat as to the quality of the wire. Pom 
copper ia diamagnetie; hence its repulsion or attraction by tU 
magnet would at once declare ita fitness or unfitness for tk 
purpose in view. 

Naked fragments of the wire furnished by M. Sanerwild 
were strongly attracted by the magnet. The wire furnished 
by Mr. Bucker, when covered with its green silk, was also 
attracted, though in a much feebler degree. 

I then removed the silk covering from the latter and tested 
the naked wire. It was repelled. The whole annoyance in its 
case was thus fastened on the green silk; some iron compound 
had been used in the dyeing of it, and to this the deviation of 
the nccdli! from zero was manifestly due. 

I hod the green coating removed and the wire overspon 
with silk, clean hands being used in the process. A perfect 
gal vano muter is the result. The needle, when released from the 
action of the current, returns accurately to zero, and is perfectlj 
free from nil magnetic action on the part of the coil. In feet, 
whilu we have bevn devising agate plates and other elaborate 
methods to gut rid of the impurities of our galvanometer coils, 
tho mcaiiK of doing so by magnetic analysis are at hand. 
Diamagnetie copper wires are readily found. Out of eleven 
specimen*, four of which were furnished by Mr. Becker, and 
sevim takwi tit random from our laboratory, nine were found 
diamagticiic and only two paramagnetic. 

Perhaps the only defect of those uoble instruments with wliiek 

turn ]i>n«it m!i null' duni lo ten* du i*ro ct dp In division del epires. La deviation *& 
f«"lo 4™ dmii elilti ; rile [unit ulta jusqu'i 10 oil 12 dep^y el m*me dsvantag*- * 
ea 0|rfnint «nr nn nynliiu* mlntiquo d'uno grande pwfertioD, on dtmnc vnt Ctrl**** 
laryrur a la ftntt jul Mtrt a introdvin dam rhtlke laigvitte iv/trieure dn gysti' M - 
Ln |j)iuiii>mtaa ilrrivt done du parlnga da ill en duui inHSscs jgalst, qui ° 
di«cuiii- uii eentre il'tillmrtlon, vera lequol tendont Its p&lea its niguillce aimuc 1 *^ 
Ainai lo cnitr... ii.,nt cm ill" lonl ordinairement composes, toul en n'ilftnt pse nn " l *t^ 
diHRn^tiiju'. j.nr lui nitme, «p«r« sur k-i ai(;uillpa ■iiimnt'us commo a'il cuntenoit * 
pHrcnllcado far. Ccst, en rffet, le cm da Cuivro de commerce; et 1'on endevine f»C* 
mont lo nwt.f. turtqu'tm rcflpchit i I' imperfect ion dps procidie dp raffinago el »a ^^ 
tact dpi uutili employes dans U-s tmuutlorniationg laeeCHJVN du cuivre en ro " " 
verges ot .-a til". El U no foot p»» s'imagiuor que lo SI orvlinsira d'orgent i 
moillpur<>s cunditiuiu; car ''argent, qui so trouve prewjue toujour* en pr'aoi 
pendant li's i)|u'niti'iDi n&,ri»aire» k son extraction, ne oe cunvsrtit en ill qu'. 
martoBu et dee filiirei d'acier." 
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i Bois- Raymond conducts his researches in animal electricity 
that here alluded to. The needle never comes to zero, but 
drawn to it by a minute magnet. This defect may be com- 
stely removed. By making sure at the outset that the naked 
re is diamagnetic, and by the substitution of clean white silk 
5 green, the compensator may be dispensed with and a per- 
il instrument secured. It is never necessary to wait for the 
mpletion of the coil to test the quality of the wire.* 

5 2. 

First Experiments on Absorption by Ordinary Methods. 

Our present knowledge of the deportment of liquids and 

solids would lead to the inference that, if gases and vapours 

jxercised any appreciable absorptive power on radiant beat, the 

absorption would make itself most manifest on heat emanating 

i obscure source. But an experimental difficulty occurs 

t the outset in dealing with such heat. How must we close 

e chamber containing the gases through which the calorific 

rayfl are to be sent? Melloni found that a glass plate one-tenth 

f an inch in thickness intercepted all the rays emanating from 

i source of the temperature of boiling water, and fully 94 per 

>nt. of the heat from a source of 400° Centigrade. Hence a 

ibe closed with glass plates would be scarcely more suitable for 

te purpose now under consideration than if its ends were 

topped by plates of metal. 

Bock-salt immediately suggests itself as the proper substance ; 

.ill tii obtain plates of suitable size and transparency was ex- 

.gly difficult. Indeed, had J been less efficiently seconded, 

ilea thus arising might have been insuperable. To 

je Trustees of the British Museum I am indebted for the mate- 

al of one good plate of salt ; to Mr. Harlin for another ; while 

[r. Lettsom, at the instance of Mr. Darker,t brought me a 

iece of salt from Germany from which two fair plateB were 

• Mr, Bockor, to wIkwb skill and intelligence I linre been greatly indebted, fbr- 

■eTeritl specimens of wire ut Ihe sums fineness us that used l>y Du 

dU-Rnyroond, tome covered with green silk and others with whits. Tin? former 

m invxrinUy Mtr.ictid, the hitler invariably repelled. In all cases Ibe •••lied wire 

m rtpelUd. 

t During Ih* course of the inquiry I have often hud occasion, to avail myself of the 
nituni* of Ittl UMUent mechanician. 
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taken. To Lady Murchison, Sir Emerson Tennent, Sir Philip 
Egerton, and Mr. Pattison my best thanks are also due for their 
friendly assistance. 

The first experiments were made with a tube of tin polished 
inside, 4 feet long and 2*4 inches in diameter, thc^ends of which 
were furnished with brass appendages to receive the plates of 
rock-salt. Each plate was pressed firmly against a flange by 
a bayonet joint, being separated from the flange by a suitable 
washer. Various descriptions of leather washers were tried for 
this purpose and rejected. The substance finally chosen was 
vulcanised indiarubber very lightly smeared with a mixture of 
bees'-wax and spermaceti. A T-piece was attached to the tube, 
communicating on one side with a good air-pump, and on the 
other with the external air, or with a vessel containing the gas 
to be examined. 

The tube being mounted horizontally, a Leslie's tube contain- 
ing hot water was placed close to one of its ends, while an excel- 
lent thermo-electric pile, connected with its galvanometer, was 
presented to the other. The tube being exhausted, the calorific 
rays sent through it fell upon the pile, a permanent deflection of 
30° being the consequence. The temperature of the water was 
in the first instance purposely so arranged as to produce this 
deflection. 

Dry air was now admitted into the tube, while the needle of 
the galvanometer was observed with all possible care. Even by 
the aid of a magnifying lens I could not detect the slightest 
change of position. Oxygen, hydrogen, and nitrogen, subjected 
to the same test, gave the same negative result. The tempera- 
ture of the water was subsequently lowered, so as to produce a 
deflection of 20° and 10° in succession, and then heightened till 
the deflection amounted to 40°, 50°, 60°, and 70°; but in no 
case did the admission of air, or any of the above gases, into the 
exhausted tube produce any sensible change in the position of 
the needle. 

It is a well-known peculiarity of the galvanometer, that its 
higher and lower degrees represent different amounts of calorific 
action. In my instrument, for example, the quantity of heat 
necessary to move the needle from 70° to 71° is about twenty 
times that required to move it from 11° to 12°.* Now in the 

* See Bemark$, 1872, at the end of this memoir. 
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;- of the small deflections above referred to the needle was, it 
I tnu', hi a sensitive position; but then the to tal amount of 
sat passing through the tube was so inconsiderable that a small 
of it, even if absorbed, might well escape detection. 
" of the large deflections, on the other hand, a very 
considerable abstraction of heat would be necessary to prodncfl 
ihle diminution of the deflection. Hence arose the 
thought of operating, if possible, with large quantities of heat, 
while the needle intended to reveal its absorption should con- 
tinue to occupy its position of maximum delicacy. 

§ 3. 

Method of Compensation. 

attempt at solving this problem was as follows : — 

Mj galvanometer is a differential one— the coil being composed 

of two wires wound side by side, so that a current can be sent 

through either of them independent of the other. The thermo- 

was placed at one end of the tin tube, and the ends 

of one .jf the galvanometer wires were connected with it._ A 

Mftnr kill heated to low redness beiug placed at the other end 

. the needle of the galvanometer was propelled to its 

The ends of the second wire were now so attached 

to » second pile that when the latter was caused to approach 

ball, the current excited passed through the coil in 

opposed to the first one. Gradually, as the second 

■ .light nearer to the source of heat, the needle de- 

m the stops, and when the two currents were equal 

of the needle was at zero. 

n, we had a powerful flux of heat through the tube ; 

I unn of gas four feet long exercised any sensible 

i, the needle was in the position best calculated to 

In the firat experiment made in tliis way, the neutral- 

oe current by the other occurred when the tube wa3 

air; on exhausting the tube, the needle started 

in a direction which indicated that a lets amount 

ssed through the partially exhausted tube than 

he tilled one. The needle, however, soon stopped, 

■ ided quickly to zero, and passed on to the other 

where its deflection became permanent. The air employed 
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in this experiment came direct from the laboratory, and the first 
impulsion of the needle was probably due to the aqueous vapour 
precipitated as a cloud by the sudden exhaustion of thft 
tube ; for when, previous to its admission, the air passed over 
chloride of calcium, or pumice-stone moistened with sulphuric 
acid, no such effect was observed. The needle moved steadily ui 
one direction till its maximum deflection was attained, and 
this deflection showed that in all cases radiant heat was absorbed 
by the air within the tube. 

These experiments were begun in the spring of 1859, an^ 
continued without intermission for seven weeks. The coxaB^ 
of the inquiry during this whole period was an incessant struggle 
with experimental difficulties. Approximate results were easily 
obtainable ; but I aimed at exact measurements, which could tlo& 
be made with a varying source of heat like the copper ball. TC^ 
obtain a high and steady source of heat I resorted to copped* 
cubes containing fusible metal, or oil, but was not satisfie^- 
with their action. Finally, a lamp was constructed which*- 
poured a steady sheet of flame against a plate of copper ; andV 
to keep the flame constant, a gas regulator specially constructed, 
for me by Mr. Hulet was made use of. It was also arranged 
that the radiating plate should form one of the walls of a 
chamber which could be connected with the air-pump and ex- 
hausted, so that the heat emitted by the copper plate might 
cross a vacuum before entering the experimental tube. With 
this apparatus, during the summer of 1859, 1 approximately 
determined the absorption of nine gases and twenty vapours. 
The results would furnish materials for a long memoir ; but 
increased experience and improved methods have enabled me to 
substitute for those results others of greater accuracy ; I shall 
therefore pass over the work of these seven weeks without 
further allusion to it. 

On September 9 of the present year (1860) the inquiry was 
resumed. For three weeks the heated plate of copper was 
my source of heat, but it was finally rejected on the score 
of in sufficient constancy. The cube of hot oil was again 
resorted to, and with it I continued to work up to Monday, 
October 29. During these seven weeks, from eight to ten 
hours daily were devoted to experiments ; but the results, 
though more accurate, must unhappily share the fate of those 
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obtained in 1859. In filet, these fourteen weeks of labour con- 
stituted a period of discipline, during which a continued 
iggle was carried on against the difficulties of the subject 
the defects of the locality in which the inquiry was cou- 
ucted. 
My reason for trying these high sources of heat was thiB : 
e absorptive power of some of the gases examined was so 
that, to make it clearly evident, a powerful beam of radiant 
.eat was essential. For other gases, and for all the vapours 
that had come under my notice, sources of lower temperature 
would have been not only sufficient, but far preferable. I waa 
finally induced to resort to boiling water, which, though it gave 
greatly diminished effects, was capable of being preserved at so 
constant a temperature that deflections which, with the other 
>°urees, would be disturbed by errors of observation, became 
"^th it true quantitative measures of absorption. 

|4. 

Final Form of Apparatus, 

The entire apparatus made use of in the experiments on 

** ) s<irption is ligured on the Frontispiece. S S' is the estperi- 

t tv.hr. composed of brass, polished within, and connected, 

1 shown in the figure, with the air-pump A A, At S and S' 

the plates of rock-salt which close the tube air-tight. 

ke length from S to S' is 4 feet. is a cube, containing 

""'iliug water, in which is immersed the thermometer (. The 

a ^>e is of cast-copper, and on one of its faces was a. projecting 

**•£. to which a brass tube of the same diameter as S S', and 

*-I»able of being connected air-tight with the latter, was carefully 

•"It If red. The face of the cube within the ring is the radiating 

I'la-t,., which is coated with lampblack. Thus between thecube 

■ first plate of rock-Bait there is a front chamberF, con- 

tt& cted with the air-pump of the flexible tube D D, and capable 

exhausted independently of SS'. To prevent, the 

•^at of conduction from reaching the plate of rock-salt S, the 

tube F is caused to pass through a vessel V, being soldered 

ter where it enters it and issues from it. This vessel 

"supplied with a continuous flow of cold water through the 

inflox tube i i, which dips to the bottom of the vessel ; the 
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tiini&/ 



i>. . :••:•. -ube ee 9 and the CO ^ e ^/ 

..■• •mpletely intercepts & 



■Lj.:e ^. 



ti : ^ / - ^-lainp L. P is the ^^ 

o|: . ^.-. l: :iie end of the experi 1 ^ ^ e 

a«- ^ .... .•uitfii reflectors, as shown ^ .^ 

op ^ ^. -., ^o*. used to neutralise ^^a 

th. — >»* passing through SS'. - 

l>v *.. «■**:'. n w *3 an operation of s ^- 

...uie screen H was connected *** * 

co: ^ ^guc, by which it could be advan^ 

f ...*r*u«0 '-"i QU te spaces. For this tdO& 

w j : ""** ^^to*. :o the kindness of my friend' 

1. w wauuuieter, with perfectly astatic 

lj, . ^^lu^netio coil ; it is connected witfr 

1. ^ , . Y Y is a system of six chloride 

Cli v t*s long; Ris a U-tube, containing 

w j ■ ^ . . i . -uoistened with strong caustic 

j K . . . ^iuilax tube, containing fragments 

tu ^ •*** strong sulphuric acid. When 

f or ^ „ .iio potash tube was suppressed, 

th-. m * i 'Jo case of atmospheric air, both 

c ], :f ■ ^ - - '* tTV ro ^ remov ed > the potash tube 

l lil5 % vua: r'rom which the gas to be ex- 

cn> ^ .uvash the drying tubes, and thence 

thi, " * \. -iio experimental tube S S'. The 

d^ ^ .* w^^mont at 00 may for the 

Tin- _.*; * *^ 4 *' w ^ er to them particularly 

11KT 

gul,.- ^ ^^ *** »* follows : The tube S S' and 

th,.]. " jl,w*:oo. ** perfectly as possible, the 

f ur t]. " \*+ *** -.^orvvptod by shutting off the 

n,. ^ .w *•>- '"^rior blackened surface of 

resuii. * ^ ..%**** -.V ^^-.::;:u F, then through the* 

nl y .. \ v .^.v^w.v: c*v <rv : vrimental tube, crossed 

of ii ^ ^ ' Nn "" < * v:w —rated by the anterior 

resor! ^ »>v ^ vx — ° aojaoent face of the pile P. 

vji %.-•!*■■ o : 1 >..ivo ftTvuidoDcd the use of th© 

hours ^ ^ .*> .N nw;<v;ri -.^ it**lf the differential 

tllOUj 
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eauwhile the rays from the hot cube C fell upon the opposite 

■ pile, and the position of the galvanometer needle 

wlared at once which source wa3 predominant. A movement 

reen H back or forward with the hand sufficed to 

ttablisb an approximate equality; but to make the radiations 

ictly equal, and thus bring the needle exactly to 0", the 

■ hi of the screw above referred to was necessary. 

Tin.- needle being at 0°, the gas to be examined was admitted 

tube, passing, in the first place, through the drying 

. Any required quantity of the gas might be admitted; 

experiments on gases and vapours enjoy an advantage 

er those with liquids aud solids — namely, the capability of 

changing the density at pleasure. When the required quantity 

of gas had been admitted the galvanometer was observed, and 

from the deflection of its needle the absorption was accurately 

deUrrained. 

Iva nometer was calibrated by the method recommended 
i : • Thermochrose,' p. 59), the precise value of its larger 
being at once obtained by reference to a table. Up 
'ill degree, or thereabouts, the deflections may be 
■■■- the expression of the absorption ; but beyond this 
'don equivalent to any deflection was obtained from 
of calibration". 

$5. 



ABSOKPTION { 

First liesidtg. — Action of Ozone and, of Compound Gates <wi 
Radi'int Heat, 

The air of the laboratory, freed from its moisture and 
Carbonic acid, and permitted to enter until the tube 
•as filled, produced a deflection of about 

lined from chlorate of potash and peroxide of 
■••' produced a deflection of about . 
nil of nitrogen, obtained from the decompose- 
rate of potash, produced a deflection of about 
■fdwg«n from zinc and sulphuric acid produced a deflec- 
tion of about 

btained from the electrolysis of water produced 
ton of about 
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Mm ."ii fil>f Jiiiit'fl from tbe electrolysis of inter, mud sent 
iliinii^li a series of eight bulbs containing a strong 
hi. hit ion of iodide of potassium, produced a deflection of 
•i I mhi I , . • . • • . . . .1* 

In Hi.' Ihn(. experiment the electrolytic oxygen was freed 
limn iIm o/one. The iodide of potassium was afterwards 
HM|»|iifHNpil, and the oxygen, plus its ozone, admitted 
inin the I.iiImy ; the deflection produced was ... 4* 

II * (Im* Hinull quantity of ozone which accompanied the 

im|, : hi iii fit in caHo trebled the absorption of the oxygen itaelt* 

I Ii.ivm repeated this experiment many times, employing 
, I » ii. i mil muiives of heat. With sources of high temperature 
tln> iliHi'tvin'c between the ozone and the ordinary oxygen coma 
mil \i<i\ nlriliin^ly. By careful decomposition a much larger 
•iiiiitmtf ofo/ono mi^ht bo obtained, and a correspondingly large 

i II.. I nil tmliiuit hent. 

In ..liiuiiiiii^iliii electrolytic oxygen two different vessels were 
»,,,,,!,, n .„, ,.('. To diminish the resistance of the acidulated 
u.i 1. 1 (.• Mm |niNNii|re of the current, I placed in one vessel* 
|,,, u i>i \.n \w\)\o plntinum plates, between which the current 
ii..ui .1 Ixiii.M of ten < J rove's cells was transmitted. Tb* 
.,,..,, l.itl.l.li.t liliei-uted were extremely minute, and the ga^» 
. ,, 1. i,,.. ...iii tlii'oti|«-li iodide of potassium, scarcely coloured 
ii. Ii.|uiil, Hie ehiinieteriMtie odour of ozone was almost entirely 
,1 . ..I ,111.1 ilu'ii* wiim little or no action upon radiant heat. 
1 1. M-l 11 iiuel Mitnller plates were used. The bubbles 

» ,, u. 1. tmii'h linger, mul did not come into such intimate 

.. . 1 mill ril her the plntinum or the water. The oxygen^ 
1 1. in. I hhnwed the eh timet eristic reactions of ozone j^ 

1 . ...1. u iln« uho\e result was obtained. 

i HM.uut of hent transmitted through the tube in 
■ i linn nit |Mtnlueed 11 delleetion of . . . 71*5° 
■ mil i»l heitl the tpumtity neeessary to cause the 
. mm hopi 0" to f\ the number of units ex- 
1 1 1 ill. *ihn\t> dethvtton in .... 308 

A- »>i|i||nu \>\ the iitntve pises amounted to about 



( «i. ulh * !»■*• Iliu ivmiIi U in h«rtiKtnr with the supposition 
\ || iv>* Miui.tti U || 17. t* t mM 19. 
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I am unable at the present moment to range with certainty 
gen, hydrogen, nitrogen, and atmospheric air in the order 

their absorptive powers, though several hundred experiments 
iave been made with the view of doing so. The proper action of 
lese gases is so small that the slightest foreign impurity gives 
i a predominance over the other. In preparing the gases 
; methods recommended in chemical treatises have been re- 
rted to, but as yet only to discover the delects incidental to 
lese methods. Augmented experience and the assistance of 
' friends will, I trust, enable me to solve this point by-and- 
An examination of the whole of the experiments induces 
! to regard hydrogen as the gas which exercises the lowest 
orptive power.* 
We have here the cases of minimnm gaseous absorption. It 

II be interesting to place in juxtaposition with the above 
ne of those obtained with olefiant gas — the most 

tigbly absorbent permanent gas that I have hitherto examined. 
select for this purpose an experiment made on November 21. 

needle being Bteady at zero in consequence of the 
equality of the actions on the opposite faces of the pile, 
the admission of olefiant gas gave a permanent deflec- 
tion of 70-3° 

gas being completely removed, and the equilibrium 
re-established, a plate of polished metal was interposed 
between one of the faces of the pile and the source 
of heat adjacent. The total amount of heat passing 
through the exhausted tube was thus found to produce 
a deflection of 75" 

Now a deflection of 70'3° is equivalent to 290 units, and a 
.ection of 75° is equivalent to 360 units ; hence more thau 
en-ninths of the total heat, about 81 per cent., were cut off 
the olefiant gas. 

The tett to whirl] these gnscs were subjected wns fur more severe than any pre- 
■lr applied, but the rusult was in pnictieal accordance with the conviction 
• «l all events, in transparent gases, the absorption of rndiiint hent, if Dot ulioolutdj 
" "'mi, m nil events, beyond ihe ranch of experiment. But curly in 1859, 
being at hand, I tried it, and found its deportment more like that of an 
'Vrmie (olid than tlint. of a gus. A crowd of other gusca was immediatdv 
*L ! D Cut, this single experiment with coal-gas opened the door to all the. 
■Rhea recorded in tills volume. [1 872.] 
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Ti* Mtrsflrdiiosrr enery ""^st wifiai -fx* nwoie was deflected 
wi*~ \t* oie&tzz gas w*s kcmrsM zxst 12* xai*. was «nch ai 
utijf Ut 'Sjtjj had ti*t &<*&» rf n«tk-sfc*i Vwmik «aSde«lT coTerec 
w \:\ki w/s&?JLis& 'jwt&- To -sec wifEbH- sarr «A «cuai 
'/W'tjrr*A f I -eartfcTj ykjk&i a J&zt. ssti asaisst it wis pro 
y*tei for * vjwzimSJJt t£« & sana of Ae gas; there was m 
diujfi*** prodtKa^L Tb* p]j&e$ ctf roek-eih. raepwrer, whid 
*«*■? r*t&**A &&j from the tcb?, TH^aEy appeared as hrigh 
whxn tsAuen out as wi*en they were pet in.* 

Th'j {pis in tb*te experisBents issued from its holder, where : 
ha/i ***?» in ODta/t with coM water. To test whether it ha 
m <'MIUA th* plates of rock-salt as to produce the effect, 
kiiitllitr holder was filled with atmospheric air and permitted 
!// attain the temperature of the water; hat the action of t] 
air was not thereby sensiblj augmented. 

In order to subject the gas to ocular examination, I had 
tflftNM tube constructed and connected with the air-pump. 
permitting olefiant gas to enter it not the slightest dimness c 
opacity was observed. To remove the last trace of doubt as t 
tint possible action of the gas on the plates of rock-salt 
Urn tin fiibis ref«?rred to at page 12 was perforated at it 
riiiitri! mid a cock inserted into it; the source of heat was a 
ohm end of the tube, and the thermo-electric pile at son* 
dUUnco from the other. The plates of salt were entirely abaii 
donnd, Mm tube being open at its ends and consequently fullc 
air. On allowing the olofiant gas to stream for a second o 
two into the tulm through the central cock, the needle flew o: 
and slruek aguitml itH stops. It was held steadily for aeon 
sidotuhlo time between 80° and 90°. 

A slow eurreiit of air sent through the tube gradually re 
moved (he ^ti», and the uoedlo returned accurately to zero. 

The tfio* within the holder being under a pressure of abot 
twelve IneheM of wuter, the cock attached to the cube w* 
turned qulekly on and otV; the quantity of gas which entere 
the (uhe iu this brief interval was sufficient to cause the need 
to be driven to the stops, and steadily held between 60° and 7C 

The uti* heiutf again removed, the cock was turned once ha 
ivttiul it* quiekl.Y us |nm*iblo« The needle was driven in tl 



* rwiu thw y^> U^ Urn tug itf |hv ifeinirv iuy itfttfirtiga va*avak»tothepooribil 
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first instance through an arc of 60°, and was held permanently 
at 50°. 

The quantity of gas which produced this last effect, on being 
admitted into a graduated tube, was found not to exceed one- 
sixth of a cubic inch in volume. 

The tin tube was now taken away, and both sources of heat 

allowed to act from some distance on the thermo-electric pile. 

When the needle was at zero, defiant gas was allowed to issue 

from a common Argand burner into the air between one of the 

sources of heat and the pile. The gas was invisible — nothing 

was seen in the air — but the needle immediately declared its pre- 

sei.ce, being driven through an arc of 41°. In the four experi- 

ments last described the source of heat was a cube of oil heated 

to 250° Centigrade, the compensation cube being filled with 

boiling water.* 

Those who, like myself, have been taught to regard trans- 
parent gases as sensibly diathermanous, will probably share the 
astonishment with which I witnessed the foregoing effects. I 
TO, indeed, slow to believe it possible that a body so constituted, 
and so transparent to light as olefiant gas, could be so densely 
opaqne to any kind of rays ; and, to secure myself against 
error, several hundred experiments were executed with this 
single substance. But the citing of them at greater length 
could not add to- the conclusiveness of the proofs just furnished, 
that the case is one of true calorific absorption. f 



§ 6. 

Variations of Density. — Relation of Absorption to Quantity 

of Matter. 

Having thus established in a general way the absorptive 
Power of olefiant gas, the question arises, What is the relation 
w Wch subsists between the density of the gas and the quantity 
of heat extinguished? 

* With a cube containing boiling water this experiment has been since made visible 
to * Jaige assembly. 

f It is evident that the old mode of experiment might be applied to this gas. In- 
deed, several of the solids examined by Melloni are inferior to it in absorptive power. 
Bid time permitted, I should have checked my results by experiments made iu the 
bmhI way ; this, however, will be done on a future occasion. 
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I sought at first to answer this question in the following 
way : An ordinary mercurial gauge was attached to the air- 
pump. The experimental tube being exhausted, and the needle 
of the galvanometer at zero, olefiant gas was admitted until it 
depressed the mercurial column 1 inch, the consequent de- 
flection being noted. The gas was then admitted until a de- 
pression of 2 inches was observed, and thus the absorption 
effected by gas of 1, 2, 3, and more inches' pressure was deter- 
mined. In the following table the first column contains the 
pressures in inches of mercury, the second the deflections, anc 
the third the absorption equivalent to each deflection. 



Table I.— Olefiant Gas. 



rMwnraain 
inches 


Deflections 

o 


Absorption 
per 100 


Pretsnrcs in 
inches 


Deflections 

o 


Abporptiox 
perlOO 


1 


66 


90 


7 


61*4 


182 


2 


68-2 


123 


8 


61*7 


186 


3 


59-3 


142 


9 


62 


190 


4 


60 


157 


10 


62*2 


192 


6 


605 


168 


20 


66 


227 


6 


61 


177 









No definite relation between the density of the gas and its 
absorption is here exhibited. We see that an augmentation of 
the density seven times about doubles the amount of the absorp- 
tion ; while gas of 20 inches' pressure effects only 2£ times the 
atjtforption of gas under 1 inch of pressure. 

Hut here the following reflections suggest themselves : It is 
ovidunt that olefiant gas of 1 inch pressure, producing so large a 
deflection as 66°, must extinguish a large proportion of the rays 
which are capable of being absorbed by the gas, and hence the 
HitiHHseding measures, having a less and less amount of heat to 
Mt upon, must produce a continually smaller effect. But sup- 
posing the quantity of gas first introduced to be so inconsider- 
able that the number of rays extinguished by it is a vanishing 
quantity compared with the total number capable of absorption, 
W« wight reasonably expect that in this case a double quantity 
of K*t« would produce a double effect, a treble quantity a treble 
ulfuut, or, In general terms, that the absorption would, for a time, 
\m proportional to the density. 

To tart this idea a portion of the apparatus, purposelj 
owittod in the description already given, was made use of 
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00 (see Frontispiece) is a graduated glass tube, the end of which 
dips into the basin of water B. The tube can be closed above 
bj means of the stopcock r; d d is a tube containing fragments 
of chloride of calcium. The tube is first filled with water 
to the cock r ; this water is then displaced by olefiant gas ; 
and afterwards the tube S S', and the entire space between the 
cock r and the experimental tube, is exhausted. The cock n 
being now closed and V left open, the cock r at the top of the 
tube is carefully turned on and the gas permitted to 
enter the tube S S' with extreme slowness. The water rises in 
00, each of the smallest divisions of which represents a 
volume of gJftth of a cubic inch. Successive measures of this 
capacity were admitted into the tube, the absorption in each 
case being determined. 

In the following table the first column expresses the quantity 
of gas admitted into the experimental tube, and the second 
the corresponding deflection, which, within the limits of the 
table, expresses the absorption ; the third column contains the 
absorption, calculated on the supposition that it is proportional 
to the density. 

Table IT. — Olefiant Gas. 

(Unit-measure j^th of a cubic inch.) 



Vmwqtm 


Abtorp 


tion per 100 


1 p, "*lsi 

<XGm 


Observed 


Calculated 


1 


22 


2'2 


2 


45 


4*4 


3 


66 


66 


4 


8*8 


8-8 


5 


11 


11 


6 


12 


132 


7 


14-8 


15 4 


8 


16-8 


17.6 



Measure! 
of Ga* 


Absorption per 100 


Observed Calculated 


9 


198 19-8 


10 


22 22 


11 


24 242 


12 


25-4 26.4 


13 


29 28*6 


14 


30-2 29-8 


15 


335 33 



This table shows the correctness of the foregoing surmise, and 
proves that for small quantities of gas the absorption is exactly 
proportional to the density. 

let us pause for a moment to estimate the tenuity of the gas 
*ith which we have here operated. The length of the experi- 
mental tube is 48 inches, and its diameter 2 # 4 inches ; its volume 
w therefore 218 cubic inches. Adding to this the contents of 
the cocks and other conduits leading to the tube, we may assumo 
that each fiftieth of a cubic inch of the gas had to diffuse itself 
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•• !:-*5. The pressure, therefore, of 

■ :- diffused would be TTtar^of 

•. . L*Me of depressing the raercnrial 

•:^p ^ Jyth of an inch, or about 



■ V j pour on Radiant Heat. 

: " .defiant gas, extraordinary as it 

. .-Timents, is far exceeded by that 

. ::Ie liquids. A glass flask was 

. •• shod with an interior thread, bv 

■r 

. : . Iv screwed airtight to the flask. 
. ■. the latter, the space above the 
*/re completely freed of air by 
: i>k. with its closed stopcock, being 
.. :abe ; the latter was exhausted 
^ -\ The cock was then turned on 
% . entered the experimental tube. 
• jv of the air-pump, and when it 
. v was promptly closed. The con- 
. :i was then noted ; a second 
v . ■■: to depress the gauge another 
v.\ this way the absorptions of 
vossessiiiij within the tube 1 



% V • • 



^. vvlumn contains the pressures 
.*. /•: due to each, and the third the 

• >s; d in the units already referred 
. • >, % :i the eoiTesponding absorp- 
.-.\ ■■.: the fourth column. 



\ 
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For these pressures the absorption of radiant heat by the 
vapour of sulphuric ether is more than twice that of defiant 
gas. We also observe that in the case of the vapour the 
successive absorptions approximate more quickly to equality. 
In fact, the absorption produced by 4 inches of the vapour is 
sensibly the same as that produced by 5. 

But reflections similar to those already applied to olefiant 
gas are also applicable to ether. Supposing we make our 
unit-measure small enough, the number of rays first de- 
stroyed will vanish in comparison with the total number, and 
for a time the fact will probably manifest itself that the absorp- 
tion is directly proportional to the density. To examine 
whether this is the case, a portion of the apparatus, omitted 
in the general description, was made use of. E is a small 
flask, with a brass cap, which is closely screwed to the stop- 
cock c\ Between the cocks d and c, the latter connected 
with the experimental tube, is the chamber M, the capacity 
of which was accurately determined. The flask K being par- 
tially filled with ether, the air above the liquid is removed. 
The stopcock d being shut off and c turned on, the tube SS' 
and the chamber M are exhausted. The cock c being now 
shut off, and d turned on, the chamber M is filled with pure 
ether-vapour. By turning d off and c on, this vapour is 
allowed to diffuse itself through the experimental tube ; suc- 
cessive measures are thus introduced, and the effect produced 
by each is noted. Measures of various capacities were made 
use of, according to the requirements of the vapours examined. 

In the first series of experiments made with this apparatus, I 
omitted to remove the air from the space above the liquid ; each 
measure therefore sent in to the tube was a mixture of vapour 
and air. This diminished the effect of the vapour; but the 
proportionality, for small quantities, of density to absorption 
exhibits itself so decidedly as to induce me to record the obser- 
vations. The first column, as usual, contains the measures of 
vapour, the second the observed absorption, and the third 
the calculated absorption. The galvanometric deflections are 
omitted, their values being contained in the second column. 
In fact, as far as the seventh observation, the absorptions are 
merely the record of the deflections. 
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through a space of 220 cubic inches. Tl 
a single measure of the gas thus diffuse 
an atmosphere, — a pressure capable of d« 
column connected with the pump xJyt] 
-jJyth of a millimetre ! 

5 7. 

Action of Sulphuric-ether Vapour 

But the absorptive energy of olefiant 
is shown to be by the above experimeir 
of some of the vapours of volatile li« 
provided with a brass cap furnished w 
means of which a stopcock could be scr 
Sulphuric ether being placed in the 1 
liquid and the liquid itself were co- 
means of an air-pump. The flask, wit 
attached to the experimental tube ; ~ 
and the needle brought to zero, TV :— " 
so that the ether- vapour slowly ent j*-=" : 
An assistant observed the gauge o* . "^ 
had sunk an inch, the stopcock w^.i* 
sequent galvanometric deflection ^ 
quantity of the vapour, sufficient „_ 
inch, was then admitted, and i 
five successive measures, each * 
inch of pressure, were determinr 

In the following table the fir* „■ 
in inches, the second the deflect 1 
amount of heat absorbed, exprr. 
to. For the purpose of compr^^ 
tions of olefiant gas are placet Cfer 

Table m.- * 





in 
inchtt 

1 648 

2 70 

5 72 
4 78 

6 78 



*? 
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We here find the proportion between density and absorption 
sensibly preserved for the first eleven measures, after which 
the deviation gradually augments. Some specimens of ether 
have been examined which acted still more energetically on the 
thermal rajs than that just referred to. 

No doubt for smaller measures than -j-ohrth of a cubic inch 

the above law holds still more rigidly true ; and in a suitable 

locality it would be easy to determine with perfect accuracy 

T ^th of the absorption produced by our first measure; this 

would correspond to ^ * 6 6 t h of a cubic inch of vapour. But on 

entering the tube the vapour has only the tension due to the 

temperature of the laboratory, namely 12 inches. This would 

require to be multiplied by 2*5 to bring it up to that of the 

atmosphere. Hence* the T o * 00 t h of a cubic inch, the absorption 

of which has been affirmed capable of measurement, would, on 

being diffused through a tube possessing a capacity of 220 

cubic inches, have a pressure of -£- x -J- x 7-*—= -^Ti^^th 

* * 880 85 1000 000*000 " 

of an atmosphere ! 

• § 8. 

Extension of Inquiry to other Vapours. 

I have now to record the results obtained with thirteen other 
vapoxirs. The method of experiment was in all cases the same 
as that employed in the case of ether, the only variable 
element being the size of the unit-measure. For with many 
substances no sensible effect could be obtained with the unit 
volume employed in the experiments last recorded. With 
bisulphide of carbon, for example, it was necessary to aug- 
ment the unit-measure 50 times to render the measurements 
satisfactory. 

Table VI. — Bisulphide of Carbon. 



(Unit-measure | a cubic inch.) 
Absorption per 100 



1 
2 
3 

4 
5 
6 

7 

ft 

9 

10 



Observed 

22 

49 

65 

88 

107 

125 

13 8 

145 

15 

ld-6 



Calculated 

2*2 

44 

6-6 

8-8 
11 
13 
154 
17-6 
19 
22 



Absorption per 100 



Measures 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



Observed 
162 
16-8 
17*5 
182 
19 
20 
20 
202 
21 
21 



Calculated 
24-2 
26-4 
28*6 
308 
33 
352 
374 
39-6 
41-8 
44 
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Am far ft* the sixth measure the absorption is proportional to 
l\us Annuity ; after which the effect of each successive measure 
diriiiiiMhes. Comparing the absorption effected by a quantity 
of vapour which depressed the mercury column half an inch, 
with that effected by vapour of one inch pressure, the same 
deviation from proportionality is observed. Thus : — 

By mercurial gauge. 

Pressure Absorption, par 100 

4 inch 148 

1 inch 18*8 

These numbers simply express the galvanometric deflections, 
whi<:lf , an already stated, are strictly proportional to the absorp- 
tion um far as 80° or thereabouts. Did the law of proportion 
hold good, the absorption due to 1 inch of tension ought of 
<!our»<* to be 29*6 instead of 18*8. 

Whether for equal volumes of the vapours at their maximum 
duiiMity, or for equal pressures as measured by the depression of 
tlm ifiiwurial column, bisulphide of carbon exercises the lowest 
ahtforptive j>ower of all the vapours hitherto examined. For 
wry Mtfiti.ll quantities, a volume of sulphuric-ether vapour, at its 
ffjiujffium density in the unit-measure, and expanded thence 
inU, ||h* experimental tube, absorbs 100 times the quantity of 
|j«:ul< intercepted by an equal volume of bisulphide of carbon 
vupour at itH maximum density. These substances mark the 
j:*Iji.'Iiiu limits of the scale, as far as my inquiries have hitherto 
Itnu.iiiuitul. The action of every other vapour is less than that of 
feuij/hujiu ether, and greater than that of bisulphide of carbon. 

linnark* on the Explosion of Bisulphide-of-Carbon Vapour in the 

Air-pump Cylinders. 

A v«ry singular phenomenon was repeatedly observed during 
Jlju i:*|'i''i'iiiumts with bisulphide of carbon. After determining 
I |ji; jtl'borjitiou of the vapour, the tube was exhausted as perfectly 
,44 |iofe*ilj|u, the trace of vapour left behind being exceedingly 
m\hU\v- Dry air was then admitted to cleanse the tube. On 
MtfMlM i!#liai«tiug, after the first few strokes of the pump ajar 
triH frit w*«d a kind of explosion heard, while dense volumes of 
Mmm whim!** immediately issued from the cylinders. The action 
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was confined to these, and never propagated backwards into 
the experimental tube. 

It is only with bisulphide of carbon that this effect has been 
observed. It may, I think, be explained in the following 
manner: — To open the valve of the piston, the gas beneath it 
must have a certain pressure, which, when suddenly produced, 
is sufficient to cause the combination of the constituents of the 
bisulphide of carbon with the oxygen of the air. Such a com- 
bination certainly takes place, for the odour of sulphurous acid 
is unmistakable amid the fumes. 

To test this idea I tried the effect of compression in the air- 
syringe. A bit of tow or cotton wool moistened with bisulphide 
of carbon, and placed in the syringe, emitted a bright flash 
when the air was compressed. By blowing out the fumes with 
a glass tube, this experiment may be repeated twenty times 
with the same bit of cotton. 

It is not necessary even to let the moistened pellet remain 
in the syringe. If the bit of tow or cotton be thrown into the 
syringe, and out again as quickly as it can be ejected, on com- 
pressing the air the luminous flash is seen. Pure oxygen pro- 
duces a brighter flash than air. These facts are in harmony 
with the above explanation. 

Continuation of Experiments on Vapours. 







Table VH 


, — Amylene. 










(Unit-measure ^th of a cubic inch 


•) 






Absorption per 100 


Measures 


Absorpt 
Observed 


Ion per 100 


Measures 


r 

Observed 


Calculated 


Calculated 


1 


34 


43 


6 


26-5 


25-8 


2 


8*4 


8-6 


7 


30-6 


301 


3 


12 


129 


8 


35 3 . 


34*4 


4 


16*5 


17*2 


9 


39 


387 


5 


216 


21-5 


10 


44 


43 



For these quantities the absorption is proportional to the 
density, but for large quantities the usual deviation is observed 
as shown by the following observations : — 

By mercurial gauge. 

• rrea snro Deflection Absorption par 100 



£ inch 


o 
60 


157 


1 inch 


65 


216 



2S 
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A 

fliiui - 
of v.. 
with 

lluvi.i 



-he absorption for an inch, of 



Tli. 
whirl-. 

linii ;. 
IloM 

ronrs' 

Wl- 

tl«>tit^i - 

(111 1 Ml 

ilksur; 
wry .- 

• 

liiuxii 
into i 
hr:i( 
\ii|ioi: 

OttlVli 
JMVtVi 
KUlpll, 



lh»' :ll- 

*, < i» t w 
i 

• • ■ • i » 1 1 
■* »; .1 '. : «. 






. t ' 



-," i f iJe of Ethyl. 

_ : x Absc inch.) 



S 
9 

10 



■ -. a - :a Absorption per 1 00 



Abaorptior 


i per 100 


r 

Observed 




Calculated 


31 8 




306 


356 




359 


40 




40-8 


44 




45-9 


475 




51 



94 
120 



■.,".mV of Methyl. 

: i i cubic inch.) 



Absorption por 100 



*• * 



KimKTM 


Observed 


" ■ N 

Calculated 


<> 


205 


20-4 


• 


21 


23-8 


$ 


263 


27-2 


* 


30 


306 


:.» 


52-3 


34 








*«»' *» 


A^K^tacs p*r 100 




.> » 


64 




v .• 


95 






t 




' X » ,"*>*> 


TvV 






A>*rrrr: 


^ p« ICO 


V."*- "<* 


.'owr-*: 


C&TosIatcd 


^ 


« 


3-4 




<* : 


4 - 




• 


46 






51 


% 9 


* * 


57 
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The deflections here are very small ; the substance, however, 
possesses such feeble volatility that the pressure of a measure 
of its vapour, when diffused through the experimental tube, 
inust be infinitesimal. With the specimen examined, it was not 
practicable to obtain a pressure sufficient to cause the mercury 
gauge to sink half-an-inch ; hence no observations of this kind 
are recorded. 

Table XI. — Chloride of Amyl. 

« 

(Unit-measure ^th of a cubic inch.) 





Absorption per 100 


Heamrea 


Absorption per 100 


BQFB8 


Observed 


Calculated* 


Observed Calculated' 


1 


1-3 


1-8 


6 


85 78 


2 


3 


26 


7 


9 91 


3 


38 


39 


8 


10*9 10*4 


4 


61 


6*2 





11-8 117 


5 


6-8 


6*5 


10 


12-3 18 



Frcssure 

£ inch 
1 inch 



By mercurial gauge. 

Deflection Absorption per 100 



o 
69 



137 



not practicable. 



Table XII. — Benzol. 

(Unit-measure ^th of a cubic inch.) 





Absorption 


per 100 


Measures 


Absorption per 100 


isnrea 


Observed 


> 

Calculated 


Observed 


Calculated 1 


1 


4-5 


46 


11 


47 


49 


2 


9-5 


9 


12 


49 


64 


3 


14 


135 


13 


51 


68-5 


4 


18*5 


18 


14 


64 


63 


5 


22-6 


22-5 


15 


66 


67-6 


6 


27*5 


27 


16 


69 


72 


7 


31-6 


31-5 


17 


63 


76-5 


8 


85*5 


86 


18 


67 


81 


9 


89 


40 


19 


69 


85*5 


10 


44 


45 


20 


72 


90 



Up to the 10th measure, or thereabouts, the proportion 
between density and absorption holds good, from which onwards 
the deviation from the law gradually augments. 

By mercurial gauge. 

Pressure Deflection Absorption per 100 



J inch 
1 inch 



o 
64 

67 



78 
103 
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Did the proportion hold pood, the absorptioE 
pressure ought to Le 314, instead of 216. 



Table VTIT.— Iodide of Ethyl 

(TTnii-mcucn T '-: - of * cutic inch.) 



By mercurial gauge. 



Table IX.— lorfuh o 

(Unit- manure ^lh of * c 
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Table XVI. — Chloroform. 

(Unit-measure ^th of a cubic inch.) 





Absorption per 100 


Measures 


Absorption nor 100 


XtttOKS 


r ■» 

Observed Calculated 


t 
Observed 


Calculated 


1 


4-5 4*5 


6 


27 


27 


2 


9 9 


7 


31-2 


31*5 


3 


138 13-5 


8 


35 


36 


4 


182 18 


9 


39 


40*5 


5 


223 225 


10 


40 


45 



Subsequent observations lead me to believe that the absorp- 
tion by chloroform is a little higher than that given in the 
above table. 

Table XVIL— Alcohol. 







(Unit-measure 


J a cubic inch.) 








Absorption 


per 100 


Measures 


Absorption 


iper 100 


ftxreg 


r 
Observed 


Calculated 


t 
Observed 


Calculated 


1 


4 


4 


9 


87*5 


36 


2 


72 


8 


10 


415 


40 


3 


10-5 


12 


11 


458 


44 


-% 


14 


16 


12 


48 


48 


S 


19 


20 


13 


504 


62 


G 


23 


24 


14 


53-5 


56 


V 


285 


28 


15 


658 


60 


8 


32 


32 












By mercurial gauge. 








Pressure 


Deflection Absorption per 100 






J inch 


o 
60 


175 






1 inch 


] 


lot practicable. 







The difference between the measurements when equal pressures 

to& when equal volumes at the maximum density are made use 

°f is here strikingly exhibited. In the case of alcohol, for 

example, a unit-measure of half a cubic inch was needed to obtain 

ai * effect about equal to that produced by benzol with a 

measure only -^ of a cubic inch in capacity ; and yet for a 

common pressure of 0*5 of an inch, alcohol cuts off precisely 

twice as much heat as benzol. There is also an enormous 

difference between alcohol and sulphuric ether when equal 

measures at the maximum density are compared ; but to bring 

the alcohol and ether vapours up to a common pressure, the 

density of the former must be many times augmented. Hence 

it follows that when equal pressures of these two substances are 

3 
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— ; .r x:*reen them diminishes considerably. 

. ;*> many «;:" :].r substances whose 

. : ::ie foreg..:r^ -.-lies; to the iodide 

• • :v.imple, an-I to the propionate of 

. ■:".:koly that \d:L eoual pressures the 

. - *■ echiien of the substance last men- 

yossoss a higher absorptive power 

. : itself. 



$ S>. 



>*•. 



"^ 



Ijlncncc of Vapours on the Interior 
. yvptrimeidal Tube. 

, . w: that the experimental tube em- 

.> was of brass, polished within for 

S reflexion the calorific flux, and 

- . '.^lit the action of the feebler 

>. .;. however, to try the effect of 

.-.'.rv of the gas into the polished 

..vM'il with prompt energy; but on 

•vturn to zero. To cleanse the 

,. '.«ito it ten times in succession; 

^.vitlv to the 40th degree from zero. 

. >0 d: the chlorine had attacked 

..^.i\»\i\l its reflecting power; the 

v - i-.:lv itself cutting off an amount 

v o the observed deflection. For 

. v -.'.Honor of the tube had to be 

w.xS examined had produced a 

i w.is necessary to be perfectly 

.iov had not vitiated the other 

v *„!■.«. therefore, a length of 2 feet 

. .vMted earefullv on the inside 

^v'io determined the absorptions 

Vk .ii .-nod* at a common pressure of 

^ v .;iv»twatioii was all that was 



.. * fc »ii \\v* av.i*:».v\ A six \±s effect 
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aimed at, and I am satisfied that the slight discrepancies 
which the measurements exhibit would disappear, or be ac- 
counted for, in a more careful examination. 

In the following table the results obtained with the blackened 
and with the bright tubes are placed side by side, the pressure 
in the former being three-tenths, and in the latter five-tenths 
of an inch. 





Table XVIII. 










Absorption per 100 


Absorption in 
Blackened Tube 
proportional to 

23 


Vapour 
Bisulphide of carbon 


Slackened Tube 
0*8 pressure 

5 


Bright Tube 
0*5 preeture 

21 


Iodide of methyl . 




15*8 


60 


71 


Beiizol 




175 


78 


79 


Chloroform . 


. • . 


17*5 


89 


79 


Iodide of ethyl . 




21-5 


94 


97 


Wood-spirit . 




265 


123 


120 


Methylic alcohol . 




29 


133 


131 


Chloride of amyl 




30 


137 


135 


Amylene 




318 


157 


143 



Tie order of absorption is here shown to be the same in both 
tribes, the quantity absorbed in the bright tube being, in 
general, about 4£ times that absorbed in the black one. In the 
third column, indeed, I have placed the numbers contained in 
tlte first column multiplied by 4*5. These results completely dis- 
sipate the suspicion that the effects observed with the polished 
tube could be due to a change of the reflecting power of its 

inner surface by the contact of the vapours. 

With the blackened tube the order of absorption of the 

following substances, commencing with the lowest, stood thus:— 

Alcohol, 
Sulphuric ether, 
Formic ether, 
Propionate of ethyl, 

whereas with the bright tube they stood thus : — 

Formic ether, 
Alcohol, 

Propionate of ethyl, 
Sulphuric ether. 

- stated, these differences would in all probability 
(counted for on re-examination. Indeed very 
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compared, the difference between tin-u 
Similar observations apply to man) 
deportment is recorded in the F 
and cbloride of amyl, for ox 
ethyl. Indeed it ia not nnl 
vapour i>f u perfectly pure upedm* 
tinned would be found to po 
than that of sulphuric ether I 



parens used would be 
j-:rved differences of 



_jJiant Beat. 



Aeiiytn of Chlorine.— Vouxblt i 
Surface of the . 

It litis been already stated 
ployed in these experiment) 
tho purpose of uitfjtnenti 
time btintjiiijj into 
truaox mid vnpourfc M 
chlorine, I Admitted I 
tubo. The needle wm ; 

pUIIIpin ■; OUt,* it refii*. 

tubo, dry air was infc 
but the nmllo pointa^ I 
Tho . ■■ "us iv-; 
tl»0 metal and puru* 1 
ftbtorpttmi by the rid 
of hiNil cowpotanjfl 
»nb*v>|'ient osperitfri 
ropoltshed, 
Tito** 
|nimw ft 

Mti*t that 
o*|*>tur<oitt*. 
of Ui v . 
with U»«t»Wi 
of*ll* 

i>sii of »» >< 

» tv 



«. hydrogen, atmospheric 
prf -warded. Besides these 
* *—*x acid, sulphuretted 
fc^"« of tbese gases is so 
m^ m T S referred to in the 
^=««ship of absorption to 
»e » tftponrs were aban- 
.rn^esg determined by the 




a by carbonic oxide 
^^ -«fc. Bat this proportion 
^^ m ■«" the gas, as shown by 
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Table XX.— Carbonic Acid. 



Frame in inches 


Observed 


Calculated 


05 


5 


36 


1 


7*5 


7 


1-5 


105 


10-5 


2 


14* 


14 


2-5 


178 


17*5 


3 


218 


21 


3*5 


24-5 


24-5 



Here we have the proportion exhibited, but not so with 
larger quantities. 





Pressure in inches Deflection 


Absorption per 100 






5 


o 
25 




25 








10 


36 




36 








15 


425 




48 








Table XXI. — Sulphuretted Hydrogen. 




Pwssnre in 
Inches 


Absorption per 100 




PMeenM In 




Absorption per 100 


Observed 


Calculated 




inches 


t 


Observed 


Calculated 


05 


7 8 


6 




3 




345 


36 


1 


125 


12 




35 




36 


42 


15 


18 


18 




4 




365 


48 


2 


24 


24 




4*5 




33 


54 


25 


30 


30 




5 




40 


60 



The proportion here holds good up to a pressure of 2*5 inches, 
when the deviation from it commences and gradually augments. 

Though these measurements were made with all possible care, 
I should like to repeat them. Dense fumes issued from the 
cylinders of the air-pump on exhausting the tube of this gas, 
and I am not at present able to state with confidence that a 
^ace of such in a very diffuse form within the tube did not in- 
terfere with the purity of the results. 



Table XXII. — Nitrous Oxide. 



"Genre in 
inches 


Absorption 


per 100 


Pressure in 
inches 


Absorption per 100 


r 
Observed 


Calculated 


Observed 




Calculated 


Oo 


14*5 


14*5 


3 


45 




87 


1 


23-5 


29 


35 


477 




101-5 


1-5 


30 


435 


4 


49 




116 


2 


355 


58 


4-5 


51-5 




130-5 


2*5 


41 


715 


5 


54 




145 



Here the divergence from proportionality is manifest from 
the commencement. 
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Remarks on the Experiments of Dr. Franz. 

I promised at the beginning of this memoir to allude to the 
results of Dr. Franz : this shall now be done. With a tube 3 feet 
long and blackened within, an absorption of 3*54 per cent, by 
atmospheric air was observed in his experiments. In my expe- 
riments, however, with a tube 4 feet long and polished within, 
which makes the distance traversed by the reflected rays far 
more than 4 feet, the absorption is only one-ninth of the above 
amount. In the experiments of Dr. Franz, moreover, carbonic 
acid appears as a feebler absorber than oxygen. According to 
my experiments, for small quantities the absorptive power of 
carbonic acid is about 150 times that of oxygen ; and at the 
atmospheric pressure, carbonic acid probably absorbs nearly 
100 times as much as oxygen. 

The differences between Dr. Franz and me admit of the follow- 
ing simple explanation. His source of heat was an argand 
lamp, and the ends of his experimental tube were stopped with 
plates of glass. Now Melloni has shown that fully 61 per cent, 
of the heat rays emanating from a Locatelli lamp are absorbed 
by a plate of glass one-tenth of an inch in thickness. Hence 
the greater portion of the rays issuing from the lamp of 
Dr. Franz was expended in heating the two glass ends 
of his experimental tube. These ends became secondary 
sources of heat which radiated against his pile. On admitting 
cool air into the tube, the partial withdrawal by conduction and 
convection of the heat of the glass plates produced an effect 
exactly the same as that of true absorption. By allowing the 
air in my experimental tube to come into contact with the radia- 
ting plate, I have often obtained a deflection of twenty or thirty 
degrees, — the effect being due to the cooling of the plate, and 
not'to absorption. It is also certain that, had I, like Dr. Franz, 
used heat from a luminous source, my small absorption of 0*4- 
per cent, would have been considerably diminished. 

§ 11. 

Action of Aqueous Vapour. — Possible Effect of an Atmospheric 
Envelope on the Temperature of a Planet. 

I havo now to refer briefly to a point of considerable interest 
-—the effect, namely, of our atmosphere on solar and terrestrial 
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. was found that 
_rh the atmosphere 
jition at least equal 
self. 
i these experiments on 
iib conclusions of great 
■ i. It is exceedingly pro- 
rays by the atmosphere, as 
;y due to the watery vapour 
:«'i-ence between the tempera- 
the evening, is also probably 
iparatively shallow stratum of 
•so to the earth. At noon the 
:l)oams is very small; in the even- 

i 

. ■ 

mi's direct rays on high mountains 

is beams having to penetrate only a 

• • the comparative absence of aqueous 

■vat ions, t 

Yurh exercises such a destructive action 

is comparatively transparent to the rays 

n' differential action of the heat coming 

• earth, and that radiated from the earth 

.•iuguiented by the aqueous vapour of the 

urier, M. Pouillet, and Mr. Hopkins regard 
f the terrestrial rays as exercising a most 



■■»? the locality in which this experiment was made render its 
tircu instances necessary. 
■ bscrvations of Welsh and Hooker, reasoned out by Strachey. 
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important influence on climate. Now ft, as the above experi- 
ments indicate, the chief influence be exercised by the aqueous 
vapour, every variation of this constituent must produce a 
change of climate. Similar remarks would apply to the 
carbonic acid diffused through the air, while an almost inappre- 
ciable admixture of any of the stronger hydrocarbon vapours 
would powerfully hold back the terrestrial rays and produce cor- 
responding climatic changes. It is not, therefore, necessary to 
assume alterations in the density and height of the atmosphere 
to account for different amounts of heat being p res e rved to the 
earth at different times ; a slight change in the variable consti- 
tuents of the atmosphere would suffice* Such changes in fast 
may have produced all the mutations of climate which the 
researches of geologists reveal. However this may be, the 
facts above cited remain firm ; they constitute true causes, th& 
extent alone of the operation remaining doubtful.* 

The measurements recorded in the foregoing pages constitute 
only a small fraction of those actually made ; but they fulfil th^ 
object of the present portion of the inquiry. They establish th^ 
existence of enormous differences among colourless gases an 
vapours as to their action upon radiant heat; and they 
show that when the quantities are sufficiently small, the a 
tion in the case of each particular vapour is exactly proportional -J 
to the density. 

The experiments, moreover, furnish us with purer cases of 
molecular action than have been hitherto attained in researches of 
tliis nature. In both solids and liquids the cohesion of the par- 
ticles is implicated ; they mutually control and limit each other. 
A certain action, over and above that which belongs to them 
separately, comes into play and embarrasses our conceptions. But 
in the cases above recorded the molecules are perfectly free, and 
we fix upon them individually the effects which the experiments 
exhibit ; thus the mind's eye is directed more firmly than ever 
on those distinctive physical qualities whereby a ray of heat is 
stopped by one molecule and unimpeded by another. 

♦ On this point, see Section 23, Memoir IL 
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-ASM. 

thtorption. 

J by a flame 

or ; the bright- 

rle, being chiefly 

l the flame.* 

iiis alcohol lamp to 

■f platinum wire into 

of wire placed in the 

i-gand chimney gave a 

was withdrawn no trace 

iiis apparatus. He con- 

ir possesses the power of 

; our best thermoscopic in- 

r.f These are the only ex- 

>n this subject, and they are 

rmativeones. The pile, furnished 

laced upon a stand, with a screen 

An alcohol lamp was placed behind 

was entirely hidden by the latter ; on 

■ Lie gaseous column radiated its heat 

•luced a considerable deflection. The 

■ m.I when a candle or an ordinary jet of 

:• the alcohol lamp. 

is of combustion acted on the pile in the 

I iut the radiation from ordinary undried air 

.-uted by placing a heated iron spatula or metal 

lie screen. A deflection was thus obtained 

1 spatula was raised to a red heat, amounted to 

y degrees. No radiation from the spatula to the 

possible, and no portion of the heated air itself 

lie pile, so as to communicate its warmth by contact 



L . 



.; >le arrangement the particles may be liberated red-hot, instead of white- 
1 : vidua! particle describing a line of red light. [1872.] 
. r.„ochro$e t p. 04. Further: 'No fact is yet known which directly proves 
i -- power of pure and transparent elastic fluids.' — Taylor's Scientific Memoir*, 
: OjI. 
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My next care was to examine whether different gases possessed 
different powers of radiation ; and for this purpose .the following 
arrangement was devised. P (fig. 1) represents the thermo- 
electric pile with its two conical reflectors ; S is a double screen 
of polished tin ; A is an argand burner consisting of two con- 
centric rings perforated with orifices for the escape of the gas ; 
C is a heated copper ball ; the tube 1 1 leads to a gas-holder 
containing the gas to be examined. "When the ball C is placed 
on the argand burner, it of course heats the air in contact 
with it ; an ascending current is established, which acts on the 
Fig. 1. 




pile as in the experiments last described. It was found 
necessary to neutralize this radiation, and for this purpose a— 
large Leslie's cube L, filled with water a few degrees above* 
the temperature of the air, was allowed to act on the opposite* 
face of the pile. 

When the needle was thus brought to zero, the cock of tho 
gas-holder was turned on ; the gas passed through the burner, 
came into contact with the ball, and ascended afterwards in » 
heated column in front of the pile. The galvanometer was now 
observed, and the limit of the arc through which its needle was 
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urged was noted. It is needless to remark that the ball was 
entirely hidden by the screen from the thermo-electric pile, 
and that, even were this not the case, the mode of compensa- 
tion adopted would still give us the pure action of the gas. 

The results of the experiments are given in the following 
table, the figure appended to the name of each gas marking 
the number of degrees through which the radiation from the 
latter urged the needle of the galvanometer*: — 



• Air 

Oxygen 

Nitrogen 

Hydrogen 

Carbonic oxide 12 

Carbonic acid 18 

Nitrons oxide . • 29 

Olefiantgas 53 

The radiation from air, it will be remembered, was neutralized 
l>y the large Leslie's cube, and hence the 0° attached to it 
merely denotes that the propulsion of air from the gas-holder 
through the argand burner did not augment the effect. Oxygen, 
hydrogen, and nitrogen, sent in a similar manner over the ball, 
were equally ineffective. The other gases, however, not only 
exhibit a marked action, but also marked differences of action. 
Their radiative powers follow precisely the same order as their 
powers of absorption. In fact, the deflections actually pro- 
duced by their respective absorptions at a common pressure of 
5 inches are as follows : — 

Air ........ A fraction of a degree 

Oxygen „ „ 

Nitrogen . • „ „ 

Hydrogen ......... „ 

Carbonic oxide 18° 

Carbonic acid 25° 

Nitrons oxide 44° 

Olefiantgas 61° 

ft would be easy to give these experiments a more elegant 
form, and to arrive at greater accuracy, which I intend to do on 
a fature occasion ; but my object now is simply to establish the 
general order of the radiative powers of these gases, as con- 
torted with their powers of absorption. 

* I hare also rendered these experiments on radiation visible to a large assembly, 
Htyniy be readily introduced in lectures on radiant beat. 
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§13. 

The Tarnishing of Polished Metal Surfaces by Oases. 

When the polished metallic face of a Leslie's cube is turne 
towards a thermo-electric pile, the effect produced is inco: 
siderable, but it is greatly augmented when a coat of 
nish is laid upon the polished surface. Now a film of 
may be employed instead of the coat of varnish. Such 
cube, containing boiling water, had a polished silver fi 
turned towards the pile, and its effect on the galvanome 
neutralized in the usual manner. The needle being at 0°, 
film of defiant gas, issuing from a narrow slit, was caused 
pass over the metal. The consequent radiation produced 
deflection of 45°. When the gas was cut off, the needle return- 
accurately to 0°. 

Reciprocally, absorption by a coating film of gas may 
shown by filling a cube with cold water, but not so cold aa 
produce the precipitation of the aqueous vapour of the air, a* 
allowing the pile to radiate against it. A gilt copper 
cooled in a freezing mixture, being placed in front of the piX^ 
its effect was neutralized by presenting a beaker containing* a 
little iced water to the face opposite. A film of defiant g^** 
was sent over the ball, but the consequent deflection prov^^d 
that the absorption by the ball, instead of being greater, w^^ 3 
less than before. On examination, the ball was found coat^^ 
with a crust of ice, which is one of the best absorbers of radiant * 
heat. The olefiant gas, being warmer than the ice, partialL.^ 
neutralized its action. When, however, the temperature C^* 
the ball was only a few degrees lower than that of the atmo*- "~ 
sphere, and its surface quite dry, the film of gas was founcS-^ 
like a film of varnish, to augment the absorption. 

§14. 

First Observation of the Radiation of a Vapour heated 

dynamically. 

A remarkable effect, which contributed at first to the com- 
plexity of the experiments, can now be explained. Conceive the 
experimental tube exhausted and the needle at zero ; conceive a 
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small quantity of alcohol or ether vapour admitted ; it cuts off 
a portion of the heat from one source, and the opposite source 
triumphs. Let the consequent deflection be 45°. If dry air be 
now admitted till the tube is filled, its normal effect of course 
would bo slightly to augment the absorption and make the 
deflection greater. But the following action is really ob- 
served: — When the air first enters, the needle, instead of 
ascending, descends ; it falls to 26°, as if a portion of the heat 
originally cut off had been restored. At 26°, however, the 
needle stops, turns, moves quickly upwards, and takes up a 
permanent position a little higher than 4o°. Let the tube now 
he exhausted, the withdrawal of the mixed air and vapour ought 
Of Bourse to restore the equilibrium with which we started ; but 
the following effects are observed: — When the exhaustion com- 
mences, the needle moves upwards from 45° to 54"; it then 
halts, turns, and descends speedily to 0", where it permanently 
Kruains. 

After many attempts to account for the anomaly, I proceeded 
■"is : — A thermo-electric couple was soldered, to the external 
ttkfitoe of the experimental tube, and its ends connected with a 
B^^anometer. When air was admitted, a deflection was pro- 
oncetL, showing that the air, on entering the vacuum, was 
' lea ted. On exhausting, the needle was also deflected, showing 
that the interior of the tube was chilled. These are indeed 
*>io\vn effects j but I was anxious to make myself perfectly sure 
1,1 tlivtn. I subsequently had the tube perforated and delicate 
"* e froometers screwed into it airtight. On filling the tube 
P**" 1 1 lerinometric columns rose, on exhausting it they sank, the 
^'"ge between the maximum and minimum amounting in the 
Ca *e f air to 5° Fahr. 

^■Hence the following explanation of the above singular effects. 
" e absorptive power of the ether or alcohol vapour is very 

Jp^&t, and its radiative power is equally so. The heat generated 

•? *u.e a ' r on '* s entrance is communicated to the vapour, which 

**8 becomes a temporary source of radiant heat, and diminishes 

^ deflection produced in the first instance by its presence. 

+ - l * 1 ' e reverse occurs when the tube is exhausted ; the vaponr is 

^Q chilled, its great absorptive action on the heat radiated 
^**u the adjacent face of the pile comes into play, the original 
Sorption being apparently augmented. In both cases, how- 
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*<AwiihtfMaAing the great ■onfintii of lata jam to 
>»U4%* *d the nature of heat, we are aa jet, I be&srt, 
v^>A //f the atomic condition* on which Tafliatinp, 
,, *hA wHAmtum depend. What are the specific 
/. U t*j**t i*m body to radiate copiously and another fatyf^ 
Why, *tn theoretic grounds, most the equivalence of ladkS^ 
nht\ ahv/riAum exist? Why should a highly diathuiMtf* 1 
bvl j, ** *l»*vm by Mr. Balfour Stewart, be a had radiate,*" 
,ut HiUwumMtn* body a good radiator? How ia heates* 
tlnt.U*l y aod what ia the strict physical meaning of gW 
ntHthtLlitth m$A bad conduction ? Why should good conductor 
I/' , \h ^w:t*{, imd radiators, and bad conductors good radiafaa 
I h> ..'.. fthti otimr questions, referring to facts more or k" 
, . hihit4**-ti 9 have still to receive their complete answers. It** 
I- .:n >iiih m hooe of furnishing such than of shadowing ffcC 
Me j/'/ri'tiMlHy of uniting these various effects by a conuflP 
|r. M l H<"1 f nul/imtted the following reflexions to the notice < 
He |J'</*I Mo«u*ty. 

|m Hf t *i<r,rimttut* recorded in the foregoing pages, wehaV 
| <|| -<\\\i ln.n atoms, both simple and compound, and it bJ 
I m I'MM'l Mint in ail cases absorption takes place. Tl 
, fl 1|(l(ll|i „| Ihj*, lutfording to the dynamical theory of heat, 
1 1. 1 1 tr< h!"Jh i* «^{>ab]e of existing in vibrating aether witfaoc 
l Hint m |#orti<m of its motion. We may, if we wis! 
,,.,,,,,. M i f.HMJM roughness of the surface of the atoms whk 
, ,i I Hi 1 - inlltnr to bite them and carry the atom along wit 
(ill n> iimM*!' what the quality may be which enables an 
, , . i .1 > « 1 1»|. im#f ion from the agitated aether, the same qualii 
j i..(li|i. il lo iiiijmrt motion to still aether when it is plunge 
;( MM Mini iiyihtted. It is only necessary to ityi^g?«A 
i, imiiii mm| in witter to see that this must be the caa 

. t > I lUlHW. a J (^iHt ion and Absolution, UiUi«ulti«ftiDj<kT»lop 
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here is a polarity here as rigid as that of magnetism. 
xim the existence of absorption, we may on theoretic grounds 
liallibly infer a capacity for radiation ; from the existence of 
diatiou, we may with equal certainty infer a capacity for 
sorption ; and each of them must he regarded as the measure 
" the other.* 

This reasoning, fonnded simply on the mechanical relations 
*f the afther and the atoms immersed in it, is completely verified 
' experiment. Great differences have been shown to exist 
j gases as to their powers of absorption, and precisely 
[ differences as regards their powers of radiation. But 
t specific property is it which makes one free molecule a 
rag absorber, while another offers scarcely any impediment 
► the passage of radiant beat '? I think the experiments throw 
)tue light upon this question. If we inspect the results above 
■teCcrded, we shall find that the elementary gases — hydrogen, 
°Xygen, nitrogen — and the mixture atmospheric air, possess 
absorptive and radiative powers beyond comparison less than 
e of the compound gases. Uniting the atomic theory with 
*l*e conception of an a?ther, this result appears to be exactly 
"hat ought to be expected. Taking Dalton's idea of an elemen- 
ttry body as a single sphere, and supposing such a sphere to be 
^t. in motion in still tether, or placed without motion in moving 
a 'tiu*r, the communication of motion by the atom in the first 
Q »tance, and the acceptance of it in the second, must be less 
ban when a number of such atoms are grouped together and 
"■o-ve as a system. Thus we Bee that hydrogen and nitrogen, 
*l*ich, when mimed together, produce a small effect, when chemi- 
Ity united to form ammonia, produce an enormous effect. 
^os oxygen and hydrogen, which, when mixed in their elec- 
""^lytic proportions, show a scarcely sensible action, when 
Smically combined to form aqueous vapour exert a powerful 
a '- 1 ion. So also with oxygen and nitrogen, which, when mixed, 
in our atmosphere, both absorb and radiate feebly, when 
"^ited to form oscillating systems, as in nitrous oxide, have 
*™eir powers vastly augmented. Pure atmospheric air, of 5 
Aches' mercury pressure, does not effect an absorption equivalent 

* Thin Wiis written long before KitclihofTi admirable papers on Ihe relation of 
*W«iion tu absorption were known lo dip. Tlie vitratinij period is not hi-ro taken 
into tMNBt, but simply tbo amount of molecular motion capable of being weired 
V in.part.lL 
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to more than one-fifth of a degree, while nitrons oxide of the 
same pressure effects an absorption equivalent to fifty-ow 
degrees. Hence the absorption bj nitrous oxide at this pres- 
sure is about 250 times that of air. 

No fact in chemistry carries the same conviction to my mini, 
that air is a mixture and not a compound, as that just cited. 

In like manner, the absorption by carbonic oxide of 5 inchflf 
pressure is nearly 100 times that of oxygen alone ; the absorptka 
by carbonic acid is about 150 times that of oxygen; while tts 
absorption by defiant gas of this pressure is 1,000 times tistf 
of its constituent hydrogen. Even the enormous action U 
mentioned is surpassed by the vapours of many of the vottife 
liquids, in which the atomic groups are known to attain tiwfr 
highest degree of complexity. 

But, besides molecular complexity, another important 
sideration remains. All the gases and vapours hitherto 
tioned are transparent to light ; that is to say, the waves of ft* 
visible spectrum pass among them without sensible absorption- 
Hence it is plain that their absorptive power depends on ti* 
periodicity of the undulations which strike them. At tw* 
point the present inquiry connects itself with the experiments rf 
Niepce,* the observations of Foucault,t the theoretic notions °* 
Euler, Angstrom,]: Stokes, and Thomson, and those splen^^ 
researches of Kirchhoff and Bunsen which so immeasur&J**" 
extend our experimental range. By Kirchhoff it has been C°^ 
clusively shown that every atom absorbs in a special d 
those waves which are synchronous with its own periods 
vibration. Now, besides presenting broader sides to the ©th^^ 
the association of simple atoms to form groups must, 
a general rule, render their motions through the sether mor* 
sluggish, and tend to bring the periods of oscillation in 
isochronism with the slow undulations of obscure heat, tht^^ 
enabling the molecules to absorb more effectually such rays ^* 
have been made use of in our experiments. 

Let me here state briefly the grounds which induce me t^^ 
conclude that an agreement in period alone is not sufficient tC^ 
cause powerful absorption and radiation — that in addition U^ 

* Refrrml to by Xngstrom. See below. 

f Annates de Chimie, 1860, vol. lviii. p. 476. 

{ PoggendorfTs Annalen, vol. xciy. p. 41. Philosophical Magatine, rol. ix. p. S27. 
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molecules must be so constituted as to furnish points 
fappui to the tether. The heat of contact is accepted with 
reedotn by rock-Bait, but a plate of the substance once 
baatod requires a great length of time to cool. Thia surprised 
i first noticed it. But the effect is explained by the 
experiments of Mr. Balfour Stewart, by whom it has been 
proved that the radiative power of heated rock-salt is extremely 
1 iriodicity can have no influence here, for the aether i3 
capable of accepting and transmitting impulses of all periods; 
: that rock-salt requires more time to cool than alum 
•imply proves that the molecules of the former glide through 
the Kther with comparatively small resistance, and thus continue 
moving for a long time; while those of the latter speedily 
roaununicate to it the motion which we call radiant heat. 
i power of gliding through still iL'ther possessed by the 
rock-salt molecules, must of course enable the moving tether to 
glide round them, and no coincidence of period could, I think, 
main: such a body a powerful absorber,* 

Hany chemists, I believe, are disposed to reject the idea of 

» atom, and to adhere to that of equivalent proportions merely. 

Q<bj figure the act of combination as a kind of interpenetration 

stance by another. But this is a mere masking of 

e fundamental phenomenon. The value of the atomic theory 

S iu its furnishing the physical explanation of the law of 

^qnimlenta: assuming the one, the other follows;! an( l assum- 

'agthe act of chemical union as Dalton figured it, we see that 

l'urmoniously with the perfectly independent concep- 

i aether, and enables us to reduce the phenomena 

of radiation and absorption to the simplest mechanical prin- 

Coa sMerations similar to the above may, I think, be applied 

lomena of conduction. In the ' Philosophical Maga- 

\ugust 1853, I have described an instrument used 

mainlining the transmission of heat through cubes of wood 

Mother substances. When engaged with this instrument, I 



■ :«renco to the queition of vibrating pfriod and molecular fiinn, I 
'"fmi, „/ Srfrnct, earlier editions, p. 210 el wj., or Radiation, p. 53 d itq. 
■ treatment of this eulijcct, ec- Fragment* ,' 
i. 135 and 136. See alao Furaday at a Ditcotvrer, cheap edition, p. 1 
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i" various crystals prepared, and determined 

it i r ivwew of conduction. With one exception, 

. ■ ue Auiductivity augmented with the diather- 

v.f itiiou was that a cube of very perfect rock- 

. ... cu !ioat slightly better than a cube of rock- 

■-.-. lowt'ver. had a very high conductive power; 

^:.\ -Al^.irvoiw spar, glass, selenite, and alum stood 

.v ;u2s hiu « regards conductivity, exactly in their 

■v.-it.iiio in the experiments of Melloni. Con- 

... .if 11 ilroady adduced which show that the mole- 

;iu!o with facility through the aether; but the 

h-kc-ci those molecules enjoy must facilitate 

. L-.NiOii. Their motion, instead of being ex- 

, d:ior bi'Cwivn them, and communicated by it 

... ivKT. v* ::i creat part transferred directly from 

.. .^.o. or -,:i other words, is freely conducted. 

. .. o s'i' *V.;:n. on the contrary, oscillates, it 

..». . ■» ..v v.^orveniug eether, which swell is in 

, t ', 'K«s *v tho molecules, but to the general 

liv ; -V.r.s tost as regards conduction. This 

., >o.. * ■ ( \ i motion from penetrating the alum 

x.i-i.., i'ki :Uo substance is what we call a bad 

. ....-o.i* •* thoao could hardly occur without 
,. o v Wuultvd question of electric conduc- 

x : % . !W h;»vo been pumied sufficiently far far 

u * Mf.ti now abide the judgment of thos« 
... niwiVr thov are the mere emanations cz>* 
, % a<!% ».i of principles which are acknowledge- * 

I nut romark, embraces only the fir^^ 

i % y4i\lni|: conduction, I have limited myself to th 
. 0! i.iKiiuul UhIu*; but the elementary atoms als* 
,»»»i« ilu'ir l HlW * >re °f accepting motion from th» 
*.. ..a i«i «t. 1 should infer, for example, that th^ 
' ""., v 1**1.1 iu*v '" moving through the aether than th«* 
. k .*.iiiuuiii i« * worse conductor than silrer. 

% NV*" 1 * I" 
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Supplementary Remarks, 1872. 

For the use of the younger student here follow three extracts 
from my book on ' Heat, a Mode of Motion.' 

1. Note on the construction of the thermo-electric pile. 

2. Note on the construction of the galvanometer. 

3. Remarks on the different values of galvanometric 

degrees. 

.Also Melloni's account of the mode of calibrating a gal- 
vanometer; in other words, of reducing all its degrees, high 
and low, to a common value, extracted from ' La Thermo- 
cnroBe.' 



Fig. 2. 



1. Note on the Construction of the Thermo-electric Pile. 

let ab (fig. 2) be a bar of antimony, and b o a bar of bismuth, 
soldered together at b. Let the free ends a and c be united by a 
**iie, ado. On warming the place of junction, b, 
a *x electric current is generated, the direction of 
^kich is from bismuth to antimony (or against the 
^Ijhabet), across the junction, and from antimony 
**> bismuth (or with the alphabet), through the 
Connecting wire, ado. The arrows indicate the 
direction of the current. 

If the junction b be chilled, a current is gene- 
*^ted opposed in direction to the former. The 
figure represents what is called a thermo-electric 
Pair or couple. 

By the union of several thermo-electric pairs a 
^ore powerful current can be generated than that 
obtained from a single pair. Pig. 3 (next page), for example, 
^presents such an arrangement, in which the shaded bars are 
supposed to be all of bismuth, and the unshaded ones of anti- 
mony. On warming all the junctions, b,b, Ac, a current is 
generated in each, and the sum of these currents, all of which 
flow in the same direction, produces a stronger resultant current 
than that obtained from a single pair. 

The V formed by each pair need not be so wide as it is 
*Wn in fig. 8 ; it may be contracted without prejudice to the 
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couple. And if it is desired to pack several pairs into a small 

compass, each separate couple mar be arranged as in fig. 4, where 

Fia. 3. 




the black lines represent small bismuth bars, and the white ones 

small bars of antimony. They are soldered together at the ends, 

and throughout their length are usually separated by strips of 

paper merely. A collection of pairs thus 

compactly set together constitutes a thermo- 



— I electric pile, a drawing of which is given in 



The current produced by heat being always 
from bismuth to antimony across the heated junction, a moment's 
inspection of fig. 3 will show that when any one of the junctions 
A, a, is heated, a current is excited opposed in direction to that 
generated when the heat is applied to the junctions b, b. Hence 
in the case of the thermo-electric pile, the effect of heat falling— 
v _ K upon its two opposite faces is to producer 

. currents in opposite directions. If ther- 
i temperature of the two faces be alike^ 
| they neutralise each other, no matter 1 
) how highly they may be heated abso- 
lutely ; but if one of them be warmer 
than the other, a current is produced. 
The current is thus due to a difference of temperature between 
the two faces of the pile, and within certain limits the strength 
of the current is exactly proportional to this difference. 

From the junction of almost any other two metals, thermo- 
electric currents may be obtained, but they are moat readily 
generated by the union of bismuth and antimony.* 

• The diwoTery of thermiv-flectricitj' is due to Thomas Seebeck, Profane* in tin 
Univervitt of Berlin. Nobili ronalmcted the first thermo-electric pile; but in 
Hrlloni'e hands it became an instrument bo important u to supersede nil otbjsrf in 
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2. Note on the Construction of the Galvanometer. 

The existence and direction of an electric current are shown 
by its action upon a freely suspended magnetic needle, 

But such a. needle is held in the magnetic meridian by tbfl 
magnetic force of the earth. Hence, to move u single needle, the 
entreat must overcome the magnetic force of the earth. 

Very feeble currents are incompetent to do this in a sufficiently 
sensible degree. The following two expedients are, therefore, 
combined to render sensible the action of such currents : — 

The wire through which the current flows is coiled so as to 
surround the needle several times ; the needle must swing freely 
within the coil. The action of the single current is thus multi- 
plied. 

The second device is to neutralise the directive force of the 
earth, without prejudice to the magnetism of the needle. This 
is accomplished by using two needles 
instead of one, attaching them to a ' 6 ' 

common vertical stem, and bringing 
their opposite poles over each other, 
iixe north end of the one needle and 

f be south end of the other being 

thus turned in the same direction, 

Tiae double needle is represented in 2 

Jt must be so arranged that one of the needles shall be withii 
tfca.^ coil through which the current flows, while the other needle 
ings freely above the coil, tin.- vurticul connecting-piece passing 
1"». trough an appropriate slit in the coil. Were both the needles 
*" i 'thin the coil, the same current would urge tbem in opposite 
Sections, and thus one needle would neutralise the other. But 
"""ifc-en one is within and the other without, the current urges 
DC *'tli needles in the same direction. 

The way to prepare such a pair of needles is this. Magnetise 

° c *"fcli of them to saturation ; then suspend them in a vessel, or 

°*"*<ler a shade, to protect them from air-currents. The system 

*"0.1 probably set in the magnetic meridian, one needle being in 

"Oiost all cases stronger than the other. Weaken the stronger 

ftetidle carefully by the touch of a second smaller magnet. When 
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Fig. 7. 



the needles are precisely equal in strength, they will set at right 
mujles to the magnetic meridiem; 

It might be supposed that when the needles are equal in 
strength, the directive force of the earth would be completely 
annulled, that the double needle would be perfectly astatic, 
and perfectly neutral as regards direction ; obeying simply the 
torsion of its suspending fibre. This would be the case if the 
magnetic axes of both needles could be caused to lie with mathe- 
matical accuracy in the same vertical plane. In practice tJ"*q 

is almost impossible; the axes 
always cross each other. Let n #, 
n' / (fig. 7) represent the axes of 
two needles thus crossing, the 
magnetic meridian being parallel 
to h e ; let the pole n be drawn 
by the earth's attractive force 
in the direction nm; the pole s 9 
being urged by the repulsion of 
the earth in a precisely opposite 
direction. When the poles n*and 
*' are of exactly equal strength, 
it is manifest that the force acting- 
on the pole /, in the case her» 
supposed, would have the advan — 
tago as regards leverage, and would therefore overcome th^^ 
force acting on n. The crossed needles would therefore turr^ 
away still further from the magnetic meridian, and a littl 
reflexion will show that they cannot come to rest until the line 
which bisects the angle enclosed by the needles is at right 
angles to the magnetic meridian. 

This indeed is the test of perfect equality as regards the mag- 
netism of the needles ; but in bringing them to this state of per- 
fection we have often to pass through various stages of obliquity 
to the magnetic meridian. In these cases the superior strength 
of one needle is compensated by an advantage, as regards 
leverage, possessed by the other. By a happy accident a touch 
id sometimes sufficient to make the needles perfectly equal ; but 
many hours are often expended in securing this result. It is 
ouly of course in very delicate experiments that this perfect 
equality is needed ; but in such experiments it is essential. 
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3. Remarks on the different Values of Galvanometric Degrees. 
Tbe needle being at zero, let us suppose a quantity of heat 
j tall upon the pile, sufficient to produce a deflection of one 
degree. Suppose the quantity to be afterwards augmented, 
> as to produce deflections of two degrees, three degrees, four 
degrees, five degrees ; then the amounts of heat which produce 
these deflections stand to each other in the ratios of 1 : 2 : 8 : 
: the heat which produces a deflection of 5° being ex- 
actly five times that which produces a deflection of 1". But 
this proportionality exists only so long as the deflections 
do not exceed a certain magnitude. For, as the needle is drawn 
more and more aside from zero, the current acts upon it at an 
ever-augmentiug disadvantage. The case is illustrated by a 
r working a capstan ; he always applies his strength at right 
angles to the lever, for, if he applied it obliquely, only a portion 
of that strength would be effective in turning the capstan round. 
And in the case of our electric current, when the needle is very 
oblique to the current's direction, only a portion of its force is 
effective in moving the needle. Thus it happens, that though 
the quantity of heat may be, and, iu our case, is, accurately 
expressed by the strength of the current which it excites, still 
the larger deflections, inasmuch as they do not give ws the action 
of the whole current, but only of a part of it, cannot be a true 
measure of the amouut of heat falling upon the pile. 

The galvanometer here employed is so constructed that the 
angles of deflection up to 30° or thereabouts, are proportional 
to the quantities of heat; the quantity necessary to move the 
needle from 29" to 30° is sensibly the same as that required to 
move it from 0° to 1°. But beyond 30° the proportionality 
ceases. The quantity of heat required to move the needle from 
40° to 41° is three times that necessary to move it from 0° to 1° ; 
to deflect it from 50" to 51° requires five times the heat necessary 
) move it from 0° to 1° ; to deflect it from 60" to 61° requires 
about seven times the heat necessary to move it from 0° to 1" ; to 
deflect it from 70° to 71° requires eleven times, while to move it 
from 80" to 81° requires more than fifty times the heat necessary 
to move it from 0° to 1°. Thus, the higher we go, the greater 
U the quantity of heat represented by a degree of deflection ; 
the reason being, thut the force wliich then moves the needle la 
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only a fraction of the force of the current really circulating in 
the wire, and hence represents only a fraction of the heat falling 
npon the pile. 

4. Calibration of the Galvanometer. 

The following method of calibrating the galvanometer ia re- 
commended by Melloni as leaving nothing to be desired in regard 
to facility, promptness, and precision. His own statement of 
the method, translated from ' La Thennoehrose,* p. 59, is as 
follows : — 

Two small Teasels, v v, are half-filled with mercury, and 
connected separately, by two short wires, 
Fio. 8, with the extremities o a of the galvano- 

meter. The vessels and wires thus dis- 
posed make no change in the action °' 
the instrument ; the thermo-electric el* 1 " 
rent being freely transmitted, as befo*" 6 * 
from the pile to the galvanometer, B 13 
if, by means of a wire p, a eonmranic**"" 
tion be established between the tvf c ~ 
-^J0 vessels, part of the current will pav^*^ 

through this wire and return to tfc* 
pile. The quantity of electricity circulating in the galvanC^ j 

til will be thus diminished, and with it the deflection C^ 

I lie needle. 

Suppose, then, that by this artifice we have reduced the gal 
■miUltliliii deviation to its fourth or fifth part; in otherwords» 
lUDWiag that the needle, being at 10 or 12 degrees, under thi 
lOtion ''• ■ constant source of heat, placed at a fixed distance 
[i, Mi> t L i « ■ pile, descends to - or 8 degrees, when a portion o^ 
I Uu mirrent is diverted by the external wire : I say, that by 
Hfflfllrg the source to act from various distances, and observing 
in i in li ciise the total deflection, and the rttlurtd deflection, we 
I,, ,ii the data necessary to determine the ratio of the 

i iii i of the iifwllc, to the forces which produce these 

,Mh<eHim». 

'I',, i I.r flic exposition clearer, and to furnish, at the same 

. tumult .'i the mode of operation, I will take the 
Hum! i g bo the ftppUcttioB of the method to one ofmj 
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Tbe external circuit being interrupted, and the source of heat 
being sufficiently distant from the pile to give a deflection not 
exceeding 5 degrees of the galvanometer, let the wire be placed 
from v to v ; the needle falls to 1*8*. The connection between 
the two vessels being again interrupted, let the source be brought 
near enough to obtain successively tbe deflections: — 

6°, 10°, lfi°, ao° 2S°, ao°. 35°, 40°, 15°. 
Interposing after each the same wire between v and v, we obtain 
the following numbers :— 

1-5°, 8", *-6-°, 6-3°, 8-4°, 11-3°, lfi-3", !2-4 D , 28-7°. 

Assuming the force necessary to cause the needle to describe 
of the first degrees of the galvanometer to be equal to 
we have the number .5 as the expression of tbe force cor- 
iding to the first observation. The other forces are easily 
obtained by the proportions : — 

1-5 : S - a : j = T 8 j a - 3-883.* 
where a represents the deflection when the exterior circuit is 
closed. "We thus obtain 

fi, 10, 15-2,21, 28, 37-3 
for the forces, corresponding to the deflections, 
(°, 10°, 16°, 20", 25°, 80°. 
In this instrument, therefore, the forces are sensibly propor- 
tional to the arcs, np to nearly 15 degrees. Beyond this, the 
proportionality ceases, and tbe divergence augments as the arcs 
increase in size. 

The forces belonging to the intermediate degrees are obtained 
with great ease, either by calculation or by graphical con- 
struction, which latter is sufficiently accurate for these deter- 
* Nations. 
-By these means we find, 

13°, H°. 15°, 18°. 17°. 18°, 19°, 20°, 21°, 



Forces. 



13, IM, 15-2. 18*3. 17-1, lB'B. 19-8, 21, 22"3, 



IB-7, 31*5, 33-4, 3,1*3, 37-3, 



Tint n to nay. one reduced ci 
* *° J other reduced current is tu 



I to the total current to ifhicb it 
caponiUug total current. 



In this table ««4oaot take into afleonfc any of the degrees 
prcvvdizig the 13th, b eware the force corresponding to each of 
them possesses the saane nine as the d ef e cti on. 

The forces cammmding to the in* 30 degree* being known, 
nothing is easier than to de twine the nines of the forces 
oorresponding' to 3a, 40, 45 

The reduced dentation* of 



1M*. »*\ aK*». 



Let us consider them separately, rmmawfing mith the first 
In the first plat** then, 15 d^g i e e s ^a fctntding to car calcination, 
are equal to KV£ ; we obtain the vnlne of the H^ 1 0-8 by 
nmlt:pliia£ this fraction by the difcieme 1*1 which exists 
between the 13oh and luth d&gt c es * fir we have evidently the 
wvn*\rtk\a 



The value of the reduced deflection eorrcanontfing to the 85th 
d*gK*% will not* thetx&te, be 15-3*, bnt 15-3* + 0-3* = 15*5*. 
tf v similar ov\Ei$idcia£aons w* find 2$-5-*+0-**=24-l*, instead of 
**■**. awd So r instead of »-r fcr therednced aV4Vrtinns of 40 
and 4> de£reo*- 

It now only remains to 
thwv defection*. 1M\24-1\ andSS^by 
*ion S-SSS 4 ; this fines 



fee u* £«£»«*. S* *J* 4k 



\ Vu\ jvAviv.j: the** n;sstas* with £»w o 
»oo C V.^t the *rr,sitwaw*s of ccr c*Ir*» 
* A tvvuU^ *hea wx* \a* dedecskG* gw*» than 30 degrees. 




will le»en the labours of those who may hereafter wish to refer to iliis 
rabject if 1 here indicate the exact relationship, in point of time, of the foregoing 
in*e»ligalion to the labours of a distinguished philosopher, now mi happily 
f*n»">v«l from us, who worked, as he stated, and a9 I believe, independently 
me, on a portion of the area covered by these researches. 
Prompted hy ibe beautiful experiment of Grove, in which a white-hot 
minimi wire plunged into hydrogen gna is immediately chilled to darkness, 
b late Professor Magnus entered, in 1H60, on a skilful and ingenious experi- 
mental inquiry regarding the conduction of heat by gases. The most note- 
|| deduced by its author from this investigation is that hydrogen 
Wuitlucts heat like a metal, and that the quenching of the glowing wire in 
H rove's experiment is a consequence of conduction. 

A preliminary notice (vorlstifige Mittheilung) of this investigation was com- 
lo the Academy of Sciences in Berlin on July 30, 1800, being 
■'iblU),,.,! in the ' ManaUberichts der Akademie' for that date. 

1 hoHn 'lie Uansmiasion nf radiant heat through gases is not alluded to, nor 

**■«» the term ' radiant heat ' employed throughout this notice, still its subject 

id results naturally suggested the possible action of radiant heat. Accordingly 

« find I'rofessor Magnus following up his first inquiry by another 'On the 

**namb - *ion "f Radiant Heat thriugh the Gases,' which was communicated 

■ my of Sciences on February 7, 1801, and published in the 

M(iii»t*b..'richte ' for that date. 

Tbe two investigations here referred to appear together in e.rt/nto in Pog- 

Aunalen ' for April 1801, and I had the pleasure of recommending 

for twulnlion in the ' Philosophical Magazine,' where they appeared in 

uly «nd August 1801. 

Pmfaaor UmDUI'i memoir contains the following historic references : — 'Aa 

1** *» I know, Iir. F rani's are the only experiments which have hitherto been 

published on the diathermancy of gases. These, which moreover refer only to 

■tuioenhcric air, hydrogen, and carbonic arid, could not be sufficient for the 

"proeent purpose, because an argiind lamp was used us a sou ire of heat, lint it 

*■» not merely possible, hut probable, that the transmission of thermal rays 

would ilifl'er with their source, If, therefore, the experiments were to he con- 

Ottm,th« transmission must be investigated for rays proceeding from the same 

wurceof heat, that of boiling water.' 

Tlit pangTaph preceding ibia one refers to 1800 as ' last year,' hence it ia to 

:i,at this was written in 1801. 

h tin, next paragraph but one of his paper Professor Magnus makes the. 

Mliiwbjj ptwiing reference to the relationship of his labours to mine : — ' These 

"■■■re. already ended when I saw in the " Proceedings of [he Royal 

■■<■■'■ Dr. Tyiidall in London is occupied with mi itivi'Sii-Mtiou on the 

""WniMion of beat through gases. As Dr. Tyndall, whose investigation has 
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been dine far oulr axmntmced. ha* ffiafeetcd u xj w m &> experiment in tabes 
wj*A hy plate* of r^cit-ialr, I beiier? tie 5iCawinir results to be entirely in- 
dependent of the investigation of X*. TyarfaiL* 

These two paragraph* occurring 10 nearly saiRcheE. nd jet to different, 
render it probable that the ?«ner £r:m. which, they are taken wai written at 
d::fer»nt time*, and that it wan not until it* laser scaled that Professor jfagnus 
became aware of my researches. 

In toe early part of I^tfl he wro** to me to Laq ' iij e aboux the nature and 
course of dt investigation, aai I LnmeiiiaGeiT sens hint a skefeck of n>T work. 
TaiA wm the ^rijriin of the £, Lowing letter, which, to ensure perfect accuracy, 
I a*ked my friend Dr. Debus to rraiwlate for me won after I received it 
It clearly indicates the view then *"»*»**"— ■< by Professor Magna* of cor 
re*neea?e labours : — 

Bedm: March 17, 1861. 

My dear Tyndali, — 3£y appreheiui'a* hare indeed been leaduedL Both of us 
have been working 00 the same subject. I lepco a ch myself for baring' been 
led into a mistake by my eocnderatioii tor yoa. In October of last year 
\tjt. October 1*50J. 00 occasion of the fiftieth aanircnarr of oar University, 
and at a time when my experiments on the passage of radiant beat, using 
boiling water a* a source of heat, had long been finioned, Clansns told me that 
you were en/aged with reeearche* on the pawge of radiant beat through 
gases. I confess the annoonoement of thin investigation in the ' Proceedings' 
bad escaped my notice. I was doubtful if I should or abomld not write to yon 
and communicate my results. I considered the ease with PoggendorfT, and it 
appeared to me that a communication of my results to too, who had been 
engaged on the subject for a whole year, would be a claim for priority. Also, 
ax your notice appeared already in January. 18G0 t * I supposed yon bad nearly 
or quite finished the investigation. I perceive now the better course would 
have been to have written to you, because Pogsrendorff tells me that your expe- 
riment! were only made in Xovember.t whilst the first part of my investigation 
mentioned above, was already finished in July, when I was lecturing on the 
conduction of heat by gases. I believe you are sufficiently acquainted with m< 
and my solicitude, to know that I should not have spoken on a conduction oi 
gases if I had not convinced myself that the difference in the rise of tempera- 
ture in the same was not caused by a difference in the transmission of radiant heat 
It was n'rcessary for this reason to examine this transmission for the heat of boiling 
water which was used for conduction. The striking results obtained by me as 
well as by you made me desirous to examine, before publishing these results, 
bow the gases would comport themselves with a source of heat of a high tem- 
perature, and this subject has occupied me during last autumn. It is now the 
third time that it has been my peculiar fate to have been working simultaneously 
with another person on the same subject, and also publishing the results at the 

• This ought to be May 1859, instead of January 1860. The mistake may, perhaps, 
be thus accounted for. The ' Philosophical Magazine • usually gives a short account of the 
communication* made to the Royal Society, and the number of that Journal for January 
1860 does contain a reprint of the communication made by me to the Royal Society eight 
months previously. Professor Magnus must have overlooked the heading of this section 
of the • Philosophical Magazine,' which runs thus :— • May 26, 1859. Sir B. C. Brodie in 
the Chair. The following communications were read.' Ihen follows mine among others. 

f I do not understand this.— [J. T.J 
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i derive, from this circumstance is, that I 
: ■ wiili tLur moat eminent experimentalists, audi as Ilegnault aud 
jnurwlf, It lias happened aud cannot be altered If we had mora frequently 
it would not hive occurred. Without doubt we both shall 
bject; let us therefore b future communicate to each other the 
. inquiry which ench of us intends to follow, in order that we may 
in. As toon as our paper.' ere published, ench on understanding 
■ "ily established than at preseut. You will have leant t from the 
i ■ i 'I Poggendorff [I iiit toy experiments do not extend to vapours, 
■ligation of Ibis part of the subject, excepting aqueous vapour, 
rely to you. On the other hand, you have not examined 
bably because it would have at tucked your tube. This gas iri- 
rnji of heat in a fur higher degree than oletiant gas. On the 
puliitim from guei no experiments have been made by me, and the inter- 
nes on this point are due to you alone. I intend to examine next 
□I reflecting plane surfaces, but before tbis I btive to finish another 
■ i the conduct log power of pasee for E., which also yields mist 
muirkable results. Your statement in the ' Comptes lleudus,' that moist air hss 
utter absorbing power for radiant heat tbaa dry air, is uot intellL- 
leept on condition thiit your air was cloudy or perhaps tlmt a 
tture bad settled on your rock-salt plates. For 1 was not able to 
. ;ne or perceptible difference between dry air and such wbich was 
"tinted with vapour of water at 17" C. 

Heartily yours, 

O. MaoNrs. 

Tn this letter I immediately sent the following reply: — 

. ignna, — Though science is sure to be the gniner from our working 

at the same subject, it is not quite agreeable to find one's own 

renons] claims interfering with those of a valued Wend. My simple course, 

Uy before you a brief statement of the circumstances attending 

tii' bttaitigatlon of the mutual action of gases and radiant heat, feeling assured 

Uwt jnii *il| draw just conclusions from the statement. 

It i> Mvernl years since the thought of examining the absorption of radiant 

first occurred to me, but until the early part of 18159 I was so 

I with other matters that I could not turn my Attention specially 

' 1 reflected a good deal on the question, made many experi men ta, 

W»*t new methods, and, after some weeks of successful work, communi- 

<*W in a note to the Royal Society tbe mode of experiment and the general 

ctnrtriBT of the resalts. This note, wbich was written with tbe express 

■ riing my mind at rest as to the possible claims of other iuvesti- 

If'jri, is published in the 'Proceedings' of the Society for May 2ii, I860. 

I lint tbe subject would occupy me for several years. A new and 

"«S.lil had in fact bean laid open to experiment, and having by thought and 

hdmui r&irly mastered it and obtained definite results, I felt at liberty to culli- 

| and quietly without fear of being interfered with by anybody. 

sferred to I slate distinctly that the invent iyation is in prugrei*, a 

/"Hsronuif of it at a /atari Hay bring promUetl to the Royal Society. 

: to work ; and on June 10, I860, gave a Friday evening discourse 
t before the members of the Royal Institution. The Prince 
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SB : the first was the desire to pet the ' Glaciers of the Alps' off 
iV hands; the second whs a sudden call to undertake the duties of Professor at 
ta Svhnol of Mines.* I resumed uiy experiments in 18110, and you wiil find 
jwrjend statement of my results at pp. 244-6 of the '^Ulaciera of the Alps,' a 
copy of which I had the pleasure of forwarding to Mrs. Magnus. Referring to 
iIik preface to that work, you will see thnt it was published in June 181)0: and 
the preface wis writteri several months subsequently to the pages above referred 
io. In fact the experimental notes now before me would satisfy you that in 
July 1&j|} I had obtained, in a substantially correct form, almost all the results 
Bf whiili yon first heard in October ISflO, and which you suppose I did not 
obtaun until the November of that year. 

Believe me ever jours faithfully, 

Juiix Ttkdall. 
This small history, then, may be thus summed up: — 

. .'■, 1859, I communicated to the Royal Society a preliminary notice 
i investigation 'On the Transmission of Radiant llent through Gaseous 
:id on the 10th of June following I delivered before the Royal 
a discourse 'On the Transmission of Heat of different qualities 
iugh Gases of different kinds,' illustrating the subject by experiments. 
The former communication was published in the ' Proceedings of the Royal 
■Misty,' the latter in the 'Proceedings of the Royal Institution' for the respec- 
«Ve dates referred to. Soon afterwards notices ami descriptions of the inveati- 
in appeared in various other journals both English and Continental. 
On July 30, IWH), or fourteen months after my first communication lo the 
Royal Society, Professor Magnus communicated to the Academy nf Sciences in 
a preliminary notice of an investigation on the Conduction of Heat by 
In this notice there is no mention of either radiation or absorption. 
Att-r various and long-continued efforts to exalt the power and delicacy of 
'"J apparatus, to vary the source of heat, to bring clearly into view the action 
°f the feeblest substances, and to confer by repetition quantitative certainty 
.!■>, I communicated to the Royal Society on January 10, 1801, the 
foregoing memoir ' On the Absorption anil Radiation of Heat by Gases and 
* "pours, and on the Physical Connexion of Absorption, Palliation, and Con- 
■ 

My reasons for thus postponing publication are glanced at in pp. 14 and 16 of 
*!"» foregoing memoir, where it is stated that during the summer of 1650 I had 
^tormined approximately the absorption of niue gases and of twenty vapours, 
■""iniJ then in my possession the materials for a long memoir. Seven weeks 
"f Utnur in 186U, and seven other weeks in I860, are practically ignored 
■ reluctance to publish results which, though approximately correct, 
■id not satisfy my desire for accuracy. 

r v ?, 1801, or about a year and three-quarters after my first, and 
*V>ut smooth subsequent to my second communication to the Royal Society, 
Professor Magnus read before the Academy of Sciences in Berlin a memoir 
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entitled 'Ueber den Durchgang der Wannestrahlen durch die Gase.' It is 
stated to form the second part of an investigation the first part of which had 
been communicated to the Academy on the 30th of July previously. 

Until I received the foregoing letter, dated from Berlin, March 17, 1 had no 
notion that Professor Magnus or any other investigator was engaged on this 
question, As stated by him in the letter just referred to, he had confined 
himself to the question of absorption, and he operated upon gases only. He 
did not embrace radiation nor the action of vapours in his inquiry. 

I unreservedly accept his statement that he broke ground in this field inde- 
pendently of me, and that he was not aware until October 1860 that 1 had 
been engaged upon the subject. 

Were it correct, as supposed by Professor Magnus, that my experiments were 
not executed prior to November I860, 1 would willingly, on the mere strength 
of his assurance that his had been completed in July 1860, concede to him the 
priority which in his letter he seems to claim. 1 would not for a moment 
insist upon the circumstance that I had preceded him by a month in the 
publication of my investigation; but the fact is that results of far greater 
variety and number than those obtained by him were already in my possession 
in July 1859. In a subsequent paper samples of these results shall be produced. 
(See Memoir XU. p. 405.) 



n. 



ON THE ABSOBPTION AND RADIATION OF HEAT 

BY GASEOUS MATTER. 



ANALYSIS OF MEMOIR H. 

The description of the instruments employed in the last investigation is here 
recapitulated, and the modifications of them which that inquiry suggested 
are described. The experiments on chlorine, ozone, and aqueous vapour are 
followed up. Chlorine is found to be far feebler as an absorbent than many light 
and transparent gases, while both ozone and aqueous vapour are found to exer- 
cise a far more powerful absorbent action than ordinary oxygen. Experiments 
on the human breath follow. Chlorine is then compared with hydrochloric 
acid and bromine with hydrobromic acid, the lighter and more transparent 
compound gas being proved in each case more destructive of the heat-rays than 
the elementary one. 

The experiments with gases are extended, the gases being now enclosed 
in a glass experimental tube, and the source of heat changed from a cube of 
boiling water to a plate of copper, against which a constant sheet of flame is 
permitted to play. As in the last investigation, the elementary gases begin the 
list, as the lowest absorbers, while ammonia concludes the list, as the highest 
absorber. 

At the pressure of the atmosphere, ammonia is found to quench more than 
one thousand times the quantity of radiant heat intercepted by dry air. 

Smaller volumes of the gases are then compared together, the difference 
between the compound and elementary gases being thereby far more impres- 
sively brought out. At a common pressure of one inch of mercury, for example,, 
the absorption of ammonia is proved to be over five thousand times, that of 
defiant gas over six thousand times, while that of sulphurous acid is sixc 
thousand four hundred and eighty times the absorption of dry atmospheric air. 
In this table chlorine and bromine, notwithstanding their colour and density, 
show themselves to be more diathermic than, any of the transparent compound 
gases examined. 

Experiments on lampblack are next described; and the fact that this sub- 
stance exercises an elective absorption, acting differently upon different kinds of 
heat, is demonstrated. 

The experiments with vapours described in the last investigation are then 
followed up, and the extraordinary energy of absorption made manifest in 
Memoir I. is brought out with still greater emphasis. Some of the stronger 
vapours at a pressure of ^th of an inch, or jj^th of an atmosphere, are proved 
to exert COO times the absorbent power of 30 inches of atmospheric air ; and 
probably more than 180,000 times the power of air reduced to the same pressure 
as the vapour. 

It is pointed out that one gas or vapour may start, at a small pressure, with a 
lower power of absorption than another, and that when the pressure is gradually 
augmented, the one may overtake, and even transcend, the other. Further 
experiments on this point are contemplated. 

Following up an observation made in the last inquiry, several sections of this 
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memoir are devoted to the dynamic radiation and the dynamic absorption of 
gases and vapours. An illustration or two will suffice to show the origin and 
character of these experiments. 

Alcohol vapour, under a pressure of half an inch of mercury, was admitted 
into the experimental tube : the consequent deflection was 72°. 

Dry air was permitted to enter by my assistant, while I, expecting only a 
slight augmentation of the deflection, was looking through the telescope at the 
needle. Instead of advancing, it fell to 0°, and swung to 25° on the opposite 
side of zero. 

A small modicum of ether vapour was admitted into the experimental tube : 
the deflection was 30°. On the entrance of dry air the needle fell to 0°, and 
swung to 60° on the other side. 

After the first moment of surprise find perplexity caused by this unexpected 
result, the explanation suggested itself that, as air is dynamically warmed on 
entering a vacuum, the reversal of the deflection might be due to the heat 
radiated from the vapour warmed by the air. If this were true, no external 
source of heat would be necessary to the production of the effect ; but, on the 
contrary, an entirely novel method of determining radiant power would be 
available. This proved to be the case. The source of heat was abolished, and 
the dynamic radiation of vapours was determined by allowing a measured 
quantity of each to enter the experimental tube, and sending after it an atmo- 
sphere of air. These determinations harmonised perfectly with those obtained 
ty the totally different methods described in the last memoir. 

Dynamic absorption was determined by chilling the mixed air and vapour 
by partial exhaustion, and permitting the pile to radiate its heat into the 
chilled vapour. Here, also, the results agree with those obtained by causing 
the vapours to intercept the heat from an external source, on its way to the 
pile. 

The dynamic radiation and absorption of gases were also determined, and a 
similar agreement found to exist between them and former results. 

It is then shown that, by simply reasoning upon the physical conditions 
involved, we arrive at the conclusion that when a vapour exists under a small 
pressure in a long experimental tube, its dynamic radiation may exceed that 
of a gas which entirely fills the tube ; while when both columns are rendered 
sufficiently short, the radiation of the gas may far exceed that of the vapour. 
Experiment is shown to completely confirm this reasoning. 

It is worth noting that in the case of the sulphuric-ether vapour above 
referred to, which produced a deflection of 30°, a powerful flow of heat from a 
source of 212° Fahr. was at the time passing through the experimental tube to 
the pile. On the entrance of the air the vapour was raised five or six degrees 
in temperature, and this moderate amount of heating enabled the vapour not 
^nly to neutralise but to far overmatch, as a radiator, the selfsame vapour as an 
absorher of the heat emitted from the source. 

A section of the memoir is devoted to the action of odours upon radiant 
heat 

A section is also devoted to the action of electrolytic oxygen, comprising its 
ozooe. It is proved that the action on radiant heat augments as the size of the 
electrode diminishes, the action varying in the experiments recorded from 20 
to 136. The harmony of this result with the totally different experiments of 
De la Rive and Meidinger is pointed out The question whether ozone is a form 

V 
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of oxygen or a peroxide of hydrogen is subjected to an experimental test, 
conclusion from which is, that ozone is produced by the packing togetb 
oxygen atoms into molecular groups — that heat dissolves the bond of u 
between the atoms, and converts them into ordinary oxygen. 

Two sections are devoted to a comparison of the experiments on air, oxy 
hydrogen, and aqueous vapour with those of Professor Magnus. This 
tinguished investigator, without any knowledge of what had been previo 
accomplished, had taken up a portion of this inquiry; and found the at 
of air, oxygen, and hydrogen to be much greater, and that of aqueous va 
much less, than my experiments make them. This whole question wil 
subsequently subjected to analysis. 

Experiments on the reduction of the temperature of a source by bringinj 
into contact with it are described. The action of an atmospheric envelo] 
again adverted to, and an experiment which offers a hope of determining 
temperature of space is indicated. The memoir winds up by showing how 
internal friction of air is affected by variations of density j the velocity of 
atoms, caused by the same difference of temperature! being almost doubled n 
the density of the air is reduced to one-halt 



FURTHER RESEARCHES ON THE ABSORPTION AND 
RADIATION OF HEAT BT GASEOUS MATTER," 



5 l. 

Recapitulation, 

i apparatus made use of in this inquiry is the same in 
principle as that employed in my last investigation.t It grew up 
i the following way : — A wide tube was prepared for the gases 
l which radiant heat was to be transmitted ; but it was 
necessary to close the ends of this tube by a substance pervious 
to nil kinds of heat, obscure as well as luminous. Bock-salt 
fulfils this condition ; and accordingly plates of the substance 
an inch in thickness, so as to be able to endure considerable 
pressure, were resorted to. In the earliest experiments a cube 
t boiling water was placed before one end of this tube, and a 
lenao-electric pile connected with a galvanometer at the 
°ther; it was found that if the needle pointed to any particular 
**6gree when the tube was exhausted, it pointed to the same 
degree when the tnbe was filled with air. By this mode of 
Siting, the presence of dry air, oxygen, nitrogen, or hydrogen 
o sensible influence on the radiant heat passing through 
III tulip. 
la some of these trials the needle stood at 80°, in Borne at 20% 
^bJ in others at intermediate positions. I, however, reasoned 
tins -.—The quantity of heat which produces the deflection of 
*0° is exceedingly small, and hence a minute fraction of this 
'IMntitr, even if absorbed, might well escape detection,. On 
band, the quantity of heat which produces the de- 
lation of 80° is large, but then it would require a large 
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absorption to move the needle even half a degree in this position 
A deflection of 20° is represented by the number 20, but * 
deflection of 80° is represented by the number 710. Winl^ 
pointing to 80, therefore, an absorption capable of producing ^ 
deflection equal to 15 or 20 of the lower degrees of the galvanc^"-" 
meter, would hardly produce a sensible motion of the needl^"^ 
The problem then was, to work with a copious radiation, am 
at the same time to preserve the needle in a position where r 
would be sensitive to the slightest fluctuations in the absolutes 
amount of heat falling upon the pile. 

This problem was first solved by the employment of a differen- 
tial galvanometer, and afterwards by converting the thermo-pile 
into a differential thermometer. Its second face was exposed- 
and a second source of heat was placed in front of that face, 
moveable screen was interposed between the two, by themotioi 
of which the same amount of heat could be caused to fall upo: 
the posterior surface of the pile as that received from tl*_ 
experimental tube by its anterior surface. When this wj 
effected, no matter how high the previous deflection 
bo, it was completely neutralized, and the needle descend^^cl 
to zero. 

The experimental tube being exhausted and the equilibrium 
established, it was immediately destroyed by the entrant ce 
of any gas, capable of absorbing even an extremely snmail 
fraction of the radiant heat. The second source predominated, 
ami a deflection followed which, when properly reduced, bec&xne 
n strict measure of the absorption. 

Hut iu these early experiments my radiating source stood at 
some distance from the anterior end of the tube, and the heat, 
previously to entering the latter, had to cross a space of air. 
This air ami its possible* sifting influence I wished to abolish, so 
as to allow the calorific rays to enter the gas with all th^ 
qualities which they possessed at the moment of emission. ^ 
first thought kA % soldering the end of the experimental tub^ \ 
direct to the radiating surface, thus allowing the gas to con*^ 
into direct contact with the source. But it immediately occurred 
to me that the in troduet ion of cool gas into the tube would low^* 
the temperature of the source, and that it could never be know^ 1 
how tar the indication of the galvanometer under such circunB- - '* 
M<uuvs could bo regarded as a true effect of absorption. 
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An independent tube, 8 inches long, and of the same diameter 
as the experimental tube, was therefore soldered on to the 
radiating plate. By a screw joint, the free end of this tube 
was connected air-tight with the experimental tube. Thus a 
chamber, from which the air could be removed, was introduced 
between the first plate of salt and the radiating surface, which 
was thereby withdrawn from all possible convective action. 
The • radiant heat also entered the tube unchanged in quality 
save the infinitesimal change due to its passage through the 
diathermic salt. 

§ 2. 

New Apparatus. 

I will ask permission to refer in this memoir to the Plate 
facing page 64 : a verbal reference will in most cases be 
sufficient to indicate the changes recently introduced. S S', 
it will be remembered, represented the experimental tube, 
which was first made of brass polished within. Such a tube 
could not be used for gases or vapours capable of attacking 
brass ; and though this difficulty was combated by blackening 
the tube within, I could never feel at ease regarding the action of 
the gases, upon the blackening substance. Many gases, more- 
over, present great difficulties on account of their affinity for 
atmospheric moisture. Hydrobromic and hydrochloric acid, for 
example, form dense fumes in the air ; and however carefully 
they might have been dried, I should have been reluctant to 
"base any inference on their deportment without actually having 
tihem under my eyes during experiment. 

The brass tube, then, which stretched from S to S' in the 

figure referred to is now replaced by one of glass. 2 feet 9 inches 

long, and 2*4 inches in diameter. The source of heat in my 

last-published inquiry was the cube of hot water C ; but glass 

feeing far inferior to brass in reflecting power, I could not with 

this source bring out with the desired force the vast differences 

existing between various kinds of gaseous matter. A hood of 

plate copper (mentioned at p. 14), was therefore employed. It 

'was united by brazing to a tube 8 inches long, destined to form 

the vacuous chamber in front of the first plate of rock-salt. To 

heat the copper plate, a lamp constructed on the principle of 



Ti THE ABSORPTION A5D RADIATION OF HKAT 

HiuiAoa^ burner was made use of. The gas passed upwards by 
tour hollow columns, each perforated for the admission of air. 
'the mixture of air and gas issued into a chamber shaped like 
the tYuatrum of a cone, and over this chamber was placed s 
ttuvtc of thin sheet-iron, the top of which was narrowed to s 
ttlit one-eighth of an inch wide and 2 inches long. From this 
*lit the mixture of gas and air issued, and formed upon ignition 
a aheet of flame. This was caused to glide along the back of 
the copper plate before referred to, which was thereby raised to 
a temperature of about 270° C. 

To preserve this source constant was one of the greatest 
difficulties of the investigation ; for the slightest agitation of 
the surrounding air, or the least flickering of the flame itself 
was sufficient to disturb the steadiness of the galvanometer and 
to render experiments in the most delicate cases impossible. 
The flame was therefore surrounded by screens of pasteboard, 
these being again encompassed by towels, through the meshes 
of which the flame was fed; a suitable chimney also thickly 
covered, produce a gentle draught and carried off the products 
of combustiou ; the rhythmic jumping of the flame which sets 
iu t»o readily was destroyed by screens of wire-gauze. The 
' i ompcu&utiu£ cube* C\ the double screen H, and the thermo- 
cUvliic pile V remain as before. They are exposed in the 
iiguio. hut duriugth* experiments they were surrounded by a 
^ .l,uo luwudiog, all the chinks of which were stuffed with tow, 
.m n» (o pvotect the cube and pile from the disturbing action of 
ih. *to The vacuous front chamber passed as before through 
.* t> .» I V tu which a current of cold water, constantly renewed, 
u S . i ot »>vt to circulate. Six weeks' practice was required to 
us t * \ >*U the difficulties of this portion of the apparatus. 

§3. 

. >u ± b$\>rU and Precautions* — Chlorine, (honey and 

Aqveou* Vapour. 

* . ,». loth, 1 7th, and ISthof June, 1861, 1 experimented ow~ 
m.t ou oaoji*, and satisfied myself that as an absorbed 
> . i u»-.it. ohkurine was far outstripped by many light? 
.,.* •! ■■•». *uvt that oione had a power of absorption rery 
.« \ *k-m wiiiuuui oxygen. 
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The work was resumed on the 12th of September, and my 
first care was to examine whether the experiments on moist 
and dry air described in Memoir I. stood the test of repetition.* 
Professor Magnus had found that the presence of aqueous 
vapour in air had no influence on the absorption of radiant heat ; 
while according to my experiments dry air exercised only a 
small fraction of the absorptive energy of saturated air. I 
commenced my researches in September with a few experi- 
ments on this subject. 

Half an atmosphere of the undried air of the laboratory, ad- 
mitted directly into the experimental tube, cut off an amount 
of heat which produced a deflection of 80 degrees. 

The drying-apparatus at this time consisted of a TJ-tube filled 
with fragments of pumice-stone wetted with sulphuric acid. 
Associated with this was a similar tube filled with like frag- 
ments, but moistened with caustic potash in solution to remove 
the carbonic acid of the air. 

The air of the laboratory, passed through both of these tuhea 
in succession, till a pressure of 15 inches was attained, gave a 
deflection of 26 degrees. 

ThU result surprised me, showing, as it seemed to do, a very 
close agreement between dry and moist air. On examining the 
Irying-tubes, however, it was found that, by a mistake of arrange- 
ment, the air had entered the sulphuric-acid tube first, and 
passed straight from the potash into the experimental tube, 
thns partially reloading itself with moisture after it had been 
«lried by the sulphuric acid. 

On causing the air to pass first through the potash, the 
Reflection fell to less than 5 degrees. Hence this experiment 
Showed the absorption due to the moisture and carbonic acid of 
"the air to be more than six times as great as that of the atmo- 
sphere itself. It will presently be shown that this difference 
Falls far short of the truth. 

The potash and sulphuric acid were now abandoned, the air 
feeing dried by passing it through a U-tube filled with fragments 
of chloride of calcium, which had lain in the tube for some 
months. The observed deflection was 40 degrees ; that is to 
Bay, 10 degrees more than that produced by the undried air. 
This result, and many others of a similar nature, were due to 

• See Sections 20 to 22, Memoir II., and the whole of Memoir III. 
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the imperfection of the chloride of calcium. Chemists, I think, 
ought to be very cautious in the use of this substance as » 
drying agent. When freshly fused it answers well for thi^ 
purpose, but when old it yields an impalpable powder, whic^ 1 
proved in the highest degree perplexing to me in my fir* 
experiments. It is generally found, I believe, that a drying — "" 
tube of sulphuric acid gains more in weight than one of chlorid^^ 
of calcium, and from this it has been inferred that the quantity**^ 
of moisture taken up by the former is greater than that takeit^ 
up by the latter. The difference, however, may really be due to^ 
the mechanical carrying away of a portion of the chloride by """■" 
the current of air. 

On the 13 th of September these experiments were resumed. 
The dry air then gave a deflection of less than 2 degrees ; while 
the air direct from the laboratory caused, in one experiment,, 
the needle to move from 20 degrees on one side of zero to 28 on. 
the other. In a second experiment the undried air caused the 
needle to move from 18° on one side of zero to 32° on the other. 

Experiments made on the 17th entirely corroborated this 
result. Three successive trials with the undried air of the 
laboratory yielded the deflections 29°, 31°, and 30° respectively, 
while the deflection produced by the dried air was less than 
a single degree. On this day, therefore, the action of the 
aqueous vapour of the air was at least thirty times that of the 
air itself. 

Almost every week-day during the last four months, experi- 
ments similar to the above have been executed, and in no case 
have I observed a deviation from the result that the absorptive 
action of the aqueous vapour of the air is great in comparison 
with that of the air itself. Further on, this subject will receive 
additional illustration. 

As my mastery over the apparatus, and my acquaintance 
with the precautions necessary in delicate cases, increased, the 
absorption by air, and by the transparent elementary gases gene- 
rally, diminished more and more. I was induced to abandon 
the use of pumice-stone as well as chloride of calcium, and to 
construct the drying-apparatus in the following way. The 
internal portion of a massive block of pure glass was pounded 
to small fragments in a mortar; these were boiled in pure 
nitric acid, and afterwards washed several times with distilled 
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so aa to remove all trace of the acid. They were then 
i wards moistened with pure sulphuric acid, and in- 
■ means of .1 funnel into a U-tube. The funnel was 
pessary to preserve the neck of the tube from all contact with 
he least action of which upon the corks employed to 
the tube being sufficient to entirely vitiate the exped- 
ients. At the top of each arm of the U-tube fragments of 
ry glass were placed, upon which any accidental dust or 
articles from the cork or sealing-wax might fall. 

Similar precautions were taken with the caustic-potash tube. 
J nre white marble was pounded to fragments and subjected to 
he action of a dilute acid, which removed the outer surface. 
fragments wove afterwards washed in distilled water 
mid dried, then mciistened with pure caustic potash, and in- 
tnSnced into the U-tube in the manner already described. 
It was sometimes necessary to perform this operation daily, and 
lever on any occasion have I used tubes to dry a. feeble gas 
which had been previously used to dry a powerful one. 

51. 

■■■'.-■ on the Human. Breath. — Chlorine and 
'. — Bromine and Hijdrobromic Acid. 

In the present communication many subjects wilt be 
iched upon which for want of time I have been unable to 
Jvelop. The following is an example of these. Choosing a 
i able temperature and moisture — a day on which the 
human breath shows no signs of precipitation — the action of the 
Wbstanees expired from the lungs may he determined. By breath- 
ing directly into the experimental tube, the action produced 
i of the products of respiration might be accurately 
mensural ; by breathing through the sulphuric- acid tube, the 
moirture of the breath would be withdrawn, and the difference 
he action then observed and the former action would 
of the carbonic acid. In this way the products of 
■ might be estimated singly, and the influence of 
doom kinds of food and drink, or of physical exertion, on 
jli! be investigated in a manner hitherto 

I have to record the following experiments only in connexion 
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with thin point. Placing a suitable tube between my lips, and 
filling my lung? with air, a stopcock which was interposed 
between me and the experimental tube was partially opened, 
and through it I breathed slowly into the tube until the mer- 
oury gauge of the pnmp waa depressed 15 inches. I had, at 
the time, two assistants, C, A. and R. C, and they subsequently 
breathed into the experimental tube the same quantity as 
myself. In the following table the absorption produced by 
the breath of each is stated ; the initials J. T. are my own : — 

Action of the Products of Respiration on Radiant Heat. 

Intttlk tt Atwrpttoa Initial* nf 



J.T. . 
J.T. . 
R.C. . 
B.C. . 
J. T. again 



R.C. 
C. A. 

J.T. 



The absorption of dry air on the day that these results were 
obtained waa found to be 1. The tame dry air inhaled, under- 
went a chemical change which augmented its absorptive energy at 
least 60 time*. This is given as a minor limit, ; it is unnecessary 
to say how much I regard it as falling short of the truth. 

The day afterwords the following results were obtained, the 
same amount as before being exhaled : — 



In all cases E. C, who is the smallest and' least robust. man 
of the three, appeared to have the advantage. I will only add 
u few results obtained on the 6th of October, the quantity 
of air expired on the occasion depressing the mercurial column 
6 inches : — 



J.T. 

E.C. 

K. C. After half a glasa of Trinity Andit Ala 

Again 

Aftif a taupoanful of brandj 

After ci»»iag and ■■ 
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Alter taking the ale and brandy my assistant washed his 
mouth and gargled his throat several times with cold water. 
I give these results merely as illustrative of one of the nume- 
rous applications of the apparatus. In all the experiments the 
tube remained perfectly transparent throughout, and, on pump- 
ing out, the needle in each case returned accurately to zero. 

In my last paper the fact was brought prominently forward 
that the elementary bodies then examined were far less hostile 
to the passage of the longer heat undulations than the com- 
pound ones. I was desirous this year to extend the experi- 
ments to one or two of the coloured gases and vapours, 
and on the 20th of September resumed the experiments on 
chlorine. This gas is highly coloured, and of a specific gravity 
of 2 - 45 ; one of its compounds, hydrochloric acid, is quite trans- 
parent, and of a specific gravity of only 1'26. Does the act of 
combination with hydrogen, which renders chlorine gas more 
'transparent to light, render it also more transparent to heat? 

Chlorine prepared from hydrochloric acid and peroxide of 
manganese, and dried by passing it through sulphuric acid, 
••was admitted into the tube till it depressed the mercury gauge 
21 inches; the consequent absorption was expressed by the 
a unaber 44. 

Hydrochloric acid was admitted till it depressed the gauge 
S inches ; the absorption was 68. 
The following results were afterwards obtained : — 

AtwrvUon |*r 100 
Chlorine IS inchei ... . . . 82 

Chi urine 14 inches 30 

< i,!. !■:■.,■ i i ;n.-: . so 

Hydrochloric »cid 14 inchei 47 

Chlorine ng»ia 30 

Hydrochloric acid 66 

X_n all cases the effect of the compound gas was found to 

1 that of the elementary one ; so that the chemical change 

^'t-i^h renders chlorine more transparent to light renders it more 

_ e to obscure heat, 

X may remark that a subsidiary gauge was here used, so as 

™ prevent the chlorine from entering the air-pump. 

Great care is required in experiments on hydrochloric acid, 
**<l great care was bestowed on the above. Previous to the 
luttoduction of the gas the experimental tube was filled with 
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■*j * "f.i leave a perfectly dry residue on ex- 
»aa lilowed to stream through the drying- 
-. i kir were expelled both from it and the 
•tuv *vi*& suddenly broken, and the retort was 
-t« ..\t*ruxiental tube. The gas thus passed 
,.. t? .*j*er€ through the drying apparatus into the 
.^ iv^ It was difficult to avoid sending in with 
• •.«-*.*.'* »f moisture ; but these, if such existed, 
s^.ttieii by the dynamic heating of the gas on 
«, % .ui V^c in a gaseous state by the flux of heat 
, -. V: ill events the closest scrutinv could 
^ i -sii*c or turbidity within the tube; it was 
w v^^^u. -htvUirhout. The chlorine, on the con- 
... x^ o loured. 
...va^ ^t-'rv made with chlorine which had been 
..►,ei\ but something (what I know not yet) 
... * vuumetitod its absorption appeared to be in. 
.v» uoua* with the gas from the water into th» 

.^ n.* were wade in the early part of the present 

.".v ' 'uivl tvvvme aware of all the peculiarities 

., S;.os*v :ov.: o Sorts reduced in some degree 

v.ii .i .V r:^ and hydrochloric acid. Very 

.x -ii.u5o .-". the 2P:h of October gave the 

„ ,.x cj' -.Lvse two gases, at a pressure of 80 



39 
S3 



, % , ■ V . v .\ r.vo a::. I hvdrochlorie ttcid 

k- ,'\"v: ■■;-:,■/. :v.be in the following 

o,j -a- :v\: y.-.v-; «-:*re attaohed to one 

. . \\ : ' * : . tr. ". tb-;r.i 3 "»r^rth of india- 

***** '*■ 

x . ■* v . :' t\,- -b :r:.t:rT stove. A eas- 

v" ■ v " * % ""■- 1. 1 ;tivr end of the 

» * x ^ 

* r - - ,:-:.:>*> ir.:<rvenir.ir be- 

v v \ V* ^ - :%y^«>"^ i stream of 

\ : v * ■ ■ ■ ■: " ti % . t v.be into 



, . >- -o ' 



V 









v . . x ^ - . " ' *. .. v.* -v:t would 






- ..- vl. As the dry 
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ir replaced the gases, the needle gradually descended to zero, 
ts arrival there being indicative of the complete displacement 
>f the gas. The perfect dryness of the air thus made use of 
ras beautifully proved. Had the air contained moisture, it 
would instantly on its mixture with the hydrochloric acid have 
rendered the medium within the tube turbid; and however 
slight this turbidity might be, and however invisible to the eye, 
the galvanometer would have revealed it. But there was no 
movement in an upward direction ; the needle gradually sunk 
from the moment the air entered. 

Bromine vapour and hydrobromic acid furnish another illus- 
tration of the influence of chemical union on the absorp- 
tion of radiant heat. The opacity of the former to light is far 
greater than that of chlorine, while the two compounds are 
equally transparent. The density of bromine vapour, moreover, 
is 5'54, whereas that of hydrobromic acid is only 2*75. The 
difficulty of operating with this acid is at least equal to that 
attendant on hydrochloric acid ; and several successive days 
were spent in endeavouring to arrive at safe conclusions in 
connexion with this subject. Bromine dried with phosphoric 
acid was introduced into a flask furnished with a screw-cap, 
by which it was attached to the experimental tube. By 
turning a stop-cock, the pure vapour was allowed slowly to 
enter until the mercury column was depressed two inches. 
From more than twenty experiments made with this substance, 
I Bhould infer that the absorption of the quantity mentioned 
does not exceed 11, while the absorption of hydrobromic acid 
of the same pressure amounts to 30. 

The hydrobromic acid was prepared by the action of glacial 
phosphoric acid (for a pure specimen of which I have to 
thank Dr. Frankland) on bromide of potassium. If the above 
figures represent the truth (and I have spared no pains to 
arrive at a right conclusion), we have here a most striking 
instance of transparency to light and opacity to obscure heat being 
promoted by the selfsame chemical act.* 

* A layer of liquid bromine, sufficiently opaque to intercept the entire luminous 
n J' of a gas flame, is highly diathennanous to its obscure rays. An opaque solution 
°f iodine in bisulphide of carbon behaves similarly. The details of these experiments 
•tall be published in due time: they were publicly shown in my lectures many 
»Wh* ago.— June 13, 1862. 
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In the following table 
of gases at a 
mined with the 



gifen u6 

of 



of amnuNr 
M deter- 



Tabu L 



1- 


• 


• 


1 


Ovrya 


• 


• < 


1 


N c^.*C5a „ 


% 


• 


1 


K**vc«a . 


• 


* « 


1 


v*h .-.iw „ 


« 


« < 


. st 


K» ^ v4w «l 


« i 


. CI 


Ofcrwa»v *rafi» 


« 


» < 


, t» 





Air. vM^^eo* n iU o gcm and hydrogen an all set down 
a;*V, :o uattr in the above table. I do not mean 
tv> *#rtu that these are no difa e mea between theae 
fcu *K*t *ta «*»* powerful and delicate testa hitherto applied 
fc*\v &; U\l to *ttabKsh a difference in % satisfact o ry manner^ 
lv ** m^ \utpr\>b*hle that the action of theae gaaea may Uujj^ 
\mh u* tv v^^u Ws than it is here found to he; for who can aa; 
\U\\ \\w t\v*r obstructed drying-apparatus is really perfect? 4 
liv^to^ *tv^ s \vk* most be greased, and hence may contri- 
l*m>* 4 m tumuUxuni&l imparity to the air pasting through them. 
U v< Mv't own certain that monohydrated sulphuric acid may 
wov tlcltwv a uuslicum of rapour to the current of air pM«ng 
VI"o\k;U \t. At all erenta. if any farther adrance should be 
tu*\lc m U\o purification of the gases, it will certainly only 
tou\l to <tu£utcnt tit* enormous differences exhibited in the 
*l»o\o (.»U!c, 

VuMMomit* of th* pressure mentioned, stands highest in the 
nU»w \\*\ <s+ iy£*i\U ahsorptire energy. I beliere a length 
\>l lw** iU%\\ ;i t\vt of this jjas* which to the vision is as trans- 
put \\\ \\\\\w\\ the tub* as the Tacuum itself to be perfectly black 
|>< iltn \*\\4 ouutu*tiu£ ftvm the source here made use of. When 
i\w i\-\* »iu wk \\\\\ tub** the interposition of a double metallic 
••• »i» u l^hwvu the pile aiul source augmented the deflection 
\\\ »liuh(U Hut it will be shown, further on, that the 
iiium^uu w\ \\\\* o\|*oviiu*ut could not exhibit its full energy of 
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absorption, and that in the length indicated it is in all proba- 
impemons to the heat issuing from our source. 
It would be a mere affectation of accuracy to try to deal with 
lev qwuitUiea of the first four substances mentioned in the 
>bh than those here examined. Still, if such small quantities 
couM be directly measured, the action of air, oxygen, hydrogen, 
and nitrogen, in comparison with that of the other substances 
at t he same pressure, would doubtless be greatly reduced. With 
the energetic gases the rays are most copiously quenched by 
ons which first enter the tube, the portions which enter 
last producing in many eases an infinitesimal effect. Now it 
has been shown in the last paper that, for very small absorp- 
tions, the effect is sensibly proportional to the quantity of gas 
pretent; and this would seem to justify the assumption that 
i if pressure the absorption of air, oxygen, nitrogen, 
Irogen would be -^th of the absorption at 30 inches. 
- ■ of each of the other gases I have measured directly 
«ut absorption of a quantity corresponding to a single inch of 
Assnming the proportionality just referred to, and 
sailing the effect of air unity (the unit, however, being 
T -fsth of that in the last table), the following are the 
e absorptions : — 





Table II. 




Air ... 


1 Carbonic oxide 


750 


Oijpm. 


1 


Hitrit uxiJa . 


1530 


. 


1 


Nitrous i.iide . 


I860 


. 


1 


Sulphide of hydrogen 


2100 


. 


<!0 


Amnfoiii* 


S46D 


. 


MO 


Olefiimt gu . 


6030 


11) Imbfomjn Kid . 


1006 


Sulphurous acid . 


648U 



e have the extraordinary result, that, for pressurea of 

: mercury, the absorption of ammonia is over jive thousand 

efiant gag over six thousatul timet, while 

sulphurous acid is six thousand four hundred 

**& eighty times that of air. 

It is impossible not to be struck by the position of chlorine 

nine in this table. They are elements, and, notwith- 

their colour and density, they take rank after the 

nt. elementary gases. The perfectly transparent ole- 

Ssjit gas absorbs more than one hundred times the amount 
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In tie following table an gmm Am ipurselTea to en 

of ga*ea at a common preamro of ate" 1 the onl J *»J 

mined with the new apparatoa s — 

Tabu I. 



■ 



*rfy these coi 

. . 

■ : ■ ■ 
. '1 i im th* ■ 

'. 
■ ■■ ■ 
i undoLuioi 
■ik those ondnlatii; 
Air, oxygen, nitrogen, and V ^ of rf^^ n 
«|iml to unity in the abo e « g—uh, that is to 
U, affirm that there a», , *• lMOirrent wavea , 
but tlint the mom powerfu uu 



*— • **^* 


Of* 


0>jt*e ■ ■ • 


] 


HifncM , . 




Mj-dn«M . 


1 


ChlorfM . . . 


» 


]|>4»Kbbrie arid ■ . 


K 


Cwboato oiid* , 


H 



)mv« (ailed to ettabliab. ■ 
It In nut improbable that 
out to be even leu than it 
I Imt tlio bert-oonitrnoted 
IliiniditM, ■top-eoclu mint 
Imb! an infinitesimal imj 
II, In mit uven certain 1 
tint deliver a modicum i 
t)in>ii(r]i it, At all er 
iiiiiiht In the purifletti 
U<ud tii augment the 
above table. 

Ammonia, of the] 
hIhivh lint iu regard 
«f [<•»* than 3 feet < 
parent within the t 
tu i.lm my» eraanatj 
tin* |{iw waa in the 
wrwii between € 
very ulltihtly. S 
ammonia In tfatl 



•oo of nitric oiii]. 
j of Ditroua oxidt 

t » greater nnmber 
Hftjced that those g* 
t an lees energetic 
Whethe; 
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On filling the experimental tube pre- 

1 Ihe absorption was 1590, which is that 

: >m letting in a mixture of air and nitric 

•' is tilled, the action last mentioned was 

1 -.rentyfuld. Nitrous acid is therefore an 

™us. Tlie difference between it and bromine 

-hm their colours are undistinguishable. 

Mon of Melloni's Table* reveals, I think, the 

^<1 bodies also to become more transparent to 

-^position becomes more simple. After rock- 

■•* the element sulphur, and after it fluor-spar. 

<-»f lampblack will here occur to many, as the 

■'■■»! absorber and radiator yet discovered. No 

"Miping of the atoms of an elementary substance 

it, tantamount to a compound, and no doubt this is 

tit.* ease with lampblack; another eminent example 

m<1 is ozone. Leslie, however, found water to be a 

im! or than lampblack, and Wells found several sub- 

.;..:■ li were more capable of being chilled by nocturnal 

■ i.. On reflexion, moreover, the following considerations 

• In- lampblack of commerce and the soot of a lamp or 

: hat is to say, the substances hitherto employed in 

■its on radiant heat — are copiously mixed with hydro- 

. which are the most powerful absorbers and radiators 

.iv- It might fairly be questioned whether the reputed 

<:onts with lampblack really dealt with lampblack at all. 

'ii the impure substance is to some extent transparent 

iant heat. 

§ 6. 
Radiation through Black Glass and Lampblack. 

lve plates of black glass, rendered so by the solution of 
n in the glass while in a state of fusion, which, though 
vious to the rays of the most intense electric-light, 
of a copious transmission of obscure heat. Melloni's 
iful experiments on glass of this character are well 
n. Another of Melloni's experiments which I have recently 
ed is the following. A plate of transparent rock-salt was 

• La Thcrmochrose, p. 164. 
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placed over a smoky camphine lamp, soot being deposited on 
surface until it intercepted every ray of a brilliant jet of 
The smoked plate was placed between a source of heat of * 
temperature of 100° C. and a thermo-electric pile, a polish^^** 
screen being placed between the salt and the source of heat. ^* * 
long as the screen remained, the needle of the galvanomet^^ r 
connected with the pile stood at zero ; but the moment the screen ** 
was removed the needle promptly advanced, showing the instarrm- 
taneous transmission across the layer of soot of a portion of tt^» e 
heat incident upon the salt. The actual numbers obtaine^^d 
in this experiment are these : — The deflection produced by 
heat transmitted through the soot was 52° ; which is equal 
90 units. The deflection produced when the layer of soot 
been carefully removed, so as to leave both surfaces of the 
smooth and transparent, was 71°, which is equal to 300 unii 
The quantity transmitted through the soot is therefore to 
total quantity as 

90 : 300, 

or as 

30 : 100 ; 

that is to say, the lampblack, which was perfectly opaque to the 
light of a gas-jet, was transparent to fully 30 per cent, of the 
incident heat. On consulting Melloni's Table, I was gratified 
to find that he made the transmission by a plate similarly pre- 
pared 27 per cent. ; while a layer so opaque that it cut off the 
beams of the sun itself transmitted 23 per cent, of the raye 
emitted by a source heated to 100° C. 

§7. 

Selective Absorption by Lampblack. 

At page 93 of ' La Thermochrose, , Melloni examines tfc* e 
absorption of this substance for all sorts of rays, and by a seri^* 
of ingenious experiments, and reasonings remarkable for th^* 1, 
clearness and precision, he arrives at the conclusion that lamf 7 " 
black absorbs with the same intensity all descriptions of radiax** 
heat.* At page 284, however, he cites and discusses with it* e 

* • Done, le noir do fumta absorb* avec la mim© intenuti toate aorta de rayons* m 
iru-nt* culorifiquoa ' (p. 101). 
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same precision a series of experiments made with smoked rock- 
salt, in which he shows that the same layer of lampblack trims- 
mita 8 per cent, of the rays from a lamp of Locatelli, 10 per 
cent, of those of incandescent platinum, IS per cent, of those 
from copper heated to 400° C, and fully 23 per cent, of fchOM 
emitted by a source of 1(10° C. Now a transmission of 8 per 
cent, implies an absorption of 92; while transmission!) of 10, 
IS, and 2'i per cent, imply absorptions of 00, 82, and 77. But 
thitt the self-same layer of lampblack absorbs 77 per cent, of 
rays from one source and i)2 per cent, of the rays from 
notlier, is at variance with the statement that lampblack 
orbs heat from all sources with the same intensity. Suppose 
he surface of a thermo-electric pile to be coated by a layer of 
hunpblack of the same thickness as that which coated Melloni's 
plate of salt; 23 per cent, of the rays from a source of 100° C. 
w oul«J go right through such a layer and impinge upon the 
metal face of the pile ; and if the latter were a good reflector, 
the lieat incident upon it would be in great part retransmitted 
through the lampblack and lost to the instrument. For a source 
0* lO0" C, this loss would lie many times greater than for a 
"Ocatelli lamp. Possibly, however, Melloni may have meant 
Imply to assert that for practical purposes the absorption at 
ke face of his pile might be considered to be the same for all 
*a of heat.* 



5 8. 

>eto Experiments on Vapours. — Further Proof of the Influence of 
Chemical Combination on the Absorption of Radiant Heat, 

* have now to record some new experiments on the action of 
Vn potirs upon radiant heat. A number of glass flasks were 
P^lwred, of the shape and size of common test-tubes, each of 
*hieh was furnished with a brass cap carefully cemented on to 
]t - By means of this it could be attached to a stopcock, and 
l «us connected with the eiperi mental tube. The mode of 
°Per»tion was this : — The liquid was introduced into the flask 

Tfc».<ut>, thrniich Iho floating carbon of the London »tmo>phi__. _. 
Pf«i-m, 4 n ,(*t instructive appearance. Entirely eWq of his ravs and of p-rf«-t!y 
*jfc»i brightness, his colour al tin,,.* is ils red *» blood. This i's doubles in part 
^ "'theegniparnlive Inuufmrency of the floating carbon for the longer uodulnliua*, 







V 

\ 
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by means of a small glaes funnel. A stopcock was then attached 
to the flask and connected with a second air-pump, which wa* 
always kept at band. The air above the liquid was removed 
and the air dissolved in it was allowed to bubble away, un*& 
nothing remained but the pure liquid below and the pure vapo^ 11 " 
above it. The stopcock was then shut off, and the flask unit^** 
to the experimental tube. The exhaustion of the tube beit» £= 
complete, and the needle of the galvanometer at 2ero, the co*^^ 
attached to the flask was turned on and the mercury-gau^ 
carefully observed at the same time. No bubbling of t 
'liquid was in any case permitted. The vapour entered silent^^wL - 
and without the slightest commotion ; and when the merenri^*^^ - 
column was depressed to the extent ■equired, the vapour wz^^w*- 
promptly intercepted. 

The energy with which the nee s moves the moment ^ 

strong vapour enters is so extraordinary- that, lest H— •* 
shock against them should derange the magnetism of tow- «3 
astatic pair, I removed the stops i h arrested the swing r — » rf 
the needle at 90°. It often swune fur beyond a quadrants- 5 
and niter it had come finally 8 I permanently to res- 't, 
its position was observed in the blowing manner: — Tlr^e 
dial of the galvanometer being well illuminated, a looVins^^— 
glass was placed behind the instrument, at such an an^-Tle 
that when looked at horizontally the image of the dial w 
t'louvly scon. This image was observed by an excellent tel 
scope Used at a distance of 11 feet from the galvanometer. 
Attached to the needle, and in continuation of it, was a bit of 
tflu«a llbro of extreme fineness, blackened with Indian ir^t- 
Thu index ranged over the graduated circle, and by means of ll 
a vet'v small reaction of a degree could be easily read off. 'E r * ie 
otpediout of observing from a distance was resorted to, beca*-* 88 
it- nun found that my approach to the galvanometer, perb.^'^* 
through the dimmtguetic action of my own body, had a sensi*""* 
idled lU'i'ii the needle, which, I beuVte, surpasses in delic*** 
HlO lull.erto employed, 

IV, ..«ldetWtionoJfth#ny«aWw»SBOi I 

iihpeilim'uU, urn) the value of the dvoVctkwa, expn 

iif one ot I l.o lower deglvo- wf thv galvanometer, was 

omit lltti ilritafawi in tW fctfewtovf tabte, ai 



BY GASEOl'S MATTER. 



absorptions only produced by the vapours, at 0-1, 0-5, and 1-0 
inch of pressure. 







u-lin 


Binalphide of carbon . . .Id 


Iodide of mcthjl . 




. 3o 












. 85 


lo£d« of rthjl . 




. 161 


Mt-flivlif alcohol . 




. tot 














Sulfuric ulier . 




. 30U 


Funnii? ether 




. 481 








Propionate of ethyl 




. S38 


BnfaoM stint 




. 6'JO 



X^t us compare some of the results of this table of trans- 
parent vapours with the action of the highly coloured vapour of 
"•"omine. The absorption of bromine vapour at 1 inch pressure 
1 about 6, and at - l of an inch pressure would probably not 
e *ceed 1 ; hence at - l of an inch pressure, bisulphide of carbon 
e *erfcs probably 15 times the absorbent power of bromine ; but 
bisulphide of carbon is the feeblest of the compound vapours 
hitherto discovered. The strongest of these, boracic ether, 
^8, according to the above estimate, and at the pressure stated, 
°fe than GOO times the absorbing energy of the strongly coloured 
otn ine. 

The whole of the numbers in the above table are referred to 

*fcm.o3pherie air as unity ; - l of an inch of bisulphide- of -carbon 

Ta ponr, for example, absorbs 15 times as much as a whole 

*tiQ OB pi, t » re of air. Let us compare, for an instant, the action 

°f boracic ether with that of air. We arrive at an approximate 

•^tnparison in this way. The absorption of the tenth of an inch 

°^ boracic ether is something more than that of a whole inch 

°* tnethylic alcohol; by diminishing the quantity of methylic 

■koljol to one-tenth, we reduce its absorption from 590 to 109. 

The absorption of one-tenth of an inch of boracic ether is 620° ; 

•oppose iU absorption to diminish with diminished quantify in 

the proportion ofmethylic alcohol, we should then have fbrO'Ol 

°f an iuch of boracic ether an absorption of 111 ; that is to say, 
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f.»r y-V-. th of an atmosphere of boimcie ether, we should hare* 
action 111 times that of a whole atmosphere of oxygen, nitrogta, 
hydrogen* or atmospheric air. 

With the transparent elementary gases it is impossible to 
measure direcdy the absorption of 0-1 of an inch; bat assuming, 
as before, that up to an absorption of 1 the effect is proportiond 
to the quantity of gas present, the absorption of each of theeb- 
mentary £*%**£, at a pressure of 0*1 of an inch, would be about 
0-0035 ; hence the absorption of boracic ether of <H of an inck 
pressure is to that of air at the same pressure as 

rAiVA hvnM ytiv fo tke ttker am emergy 186,000 timet that tjf «r. 
I ha xv already spoken of the blackness of ammonia at 90 
inches pressure* Referring to TaMe L, its absorption is found 
to Iv IUW In the last table the rapour of acetic ether, 
under only one-thirtieth of the pressure of the ammonia 
produces apparently the same effect; its absorption is also 
1 1 *V\ Such tacts gire one entirely new ideas of the capabilities 
of matter : and our wv\nder will not be diminished by the result* 
to !v recorded further on* 



$ 



o 



% • 



^iv'-io* J:4io« at «w JVvwwy dta* not prove 

at o«4 Pnftttw nw* 

With both gases and rapoor$ w* find that it does not follow 
that a ^ls which produces a larger effect than another at 00* 
ttvss-t* shoiui surpass it at all other pressures. Some gase* 
star: :rc ~ & lower lerel than others, but finally attain an equal* 
c r erer. a crater elevation. If their absorptions wore represented 
tr o-rres r'otted frem the same datum-line, these carries would 
in sou: e eas<rs appiwuch* and in some cases* cross each other. At 
a yres^ure of I inch* tor example* oartwnie acid has more than 
doub'.e the absorptive power of cartanic oxide* whereas at a 
pressure of SO inches they are *»y**h indeed some of my ex- 
periment* show carbonic oxide to hare the advantage. On the 
2£nd of iVtolvr* ttaexamphx the dedcotion pwJuced by 2 inches 
of carbonic oxide xxas tannl to be li\ whiie that of 2 inches of 



■borne acid was 8 
.ve these results i 
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9. The two gases at a pressure of 30 inches 

iiiic scid ..... SI'S 



,d again, on the 4th of November I obtained the following 
■lative effects : — 



The same remarks apply to vapours. Methylic alcohol, for 
[ample, starta at a lower level than the iodide of ethyl, but 
ascends more quickly, and finally reaches a much higher eleva- 
tion. The same observation applies to benzol and the iodide 
of ethyl, in comparison with chloroform. 

§ 10. 

DYHAHIO EADIATION AND ABSOEPTIO!!. 

A class of facts are now to be referred to which surprised and 
perplexed me when I first observed them. As an illustration, 
I will take the case of alcohol vapour. A quantity of this sub- 
rtance, sufficient to depress the mercury gauge 0-o of an inch, 
produced an absorption which caused a deflection of 72" of the 
galvanometer needle. 

While the needle pointed to this high figure, and previously 
to pumping out the vapour, dry air was allowed to stream into 
the experimental tube, and I happened while it entered to observe 
the effect upon the galvanometer. The needle, to my asto- 
nishment, sank speedily to zero, and went to 25° at the opposite 
ode. The entry of the almost neutral air here not only abolished 
the absorption previously observed, but left a considerable balance 
hi Favour of the face of the pile turned towards the source. A 
notation of the experiment brought the needle down to zero, 
*od sent it to 38° on the opposite side. In like manner a very 
mail quantity of the vapour of sulphuric ether produced a deflec- 
tion of SO"; on allowing dry air to fill the tube the needle de- 
tcetided speedily to zero, and swung to 60° at the opposite side. 
These results both perplexed and distressed me, imagining 
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. iisgipated iii* Frj'T»:>siiion. The 

•i :ould at Ik*' :■»: r-rrore the state 

> urination- I: =_^lt be conceived 

^ti» to 0°; bn :* ^:-z!iI not possibly 

.-.I. uon, which, iz. iir :-ise of ether- 

.**i amplitude •:: o.\ Nevertheless 

,-d subjected :i*e iLk^ of salt to a 

V» such dep:~.Ti:- as that above 

s >a!t remained i-=rfr:-iiv transparent 
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* recorded in the Bakerian Lecture 
\i. the dynamic heating of the ait 
*>:od tube was sunieient to product 
.i tho part of any powerful vapoix^^" 
/lough I was sl.iw to believe th 
:ulcr consideration could be th 
% -v was to determine the differeiic 
vvviwontal tube at the end furthe 
v /-.o air without. I then examin 

vvmoincter, the increase of tern 
., • viion of dry air into the tube, anci^ 
.,» oousoqucnt on pumping out, an 
8 xv.or;tble fraction of the total : 

i\»uld it be that the heat 
■/■.or vajMnirs, and radiated by the 
- v'\\%\ was more than sufficient to 
« ■ :'.".*. * * n ? The cjpperhnen t um cruets 
■ V olVoots observed were due to 
.. wo ou« r ht to obtain them even 
.. "titvlv abolished. We should 
■■o v.oaoL and at first sight utterly 
„ >. w\ tho next section. 



> ^ . 
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To determine the Radiation and Absorption of Gases and Vapours 
without any Source of Heat external to the Gaseous Body itself. 

t— Vapours. 
For the sake of brevity, I will call the heating of a gas on its 
admission into a vacuum, the dynamic heating of the gas ; and 
the chilling accompanying its pumping out, dynamic chilling. 
It would also contribute to brevity if I were allowed to call the 
radiation and absorption of the gaseous body, consequent on 
such heating and chilling, dynamic radiation aud dynamic 
Hon, though the terms are not unobjectionable. 
h the source of heat and the compensating cube were 
sed with, and the thermo-electric pile was presented to 
id of the cold experimental tube. By a little manage- 
ment, the slight inequality of radiation against both faces of 
the pile, arising from differences of temperature in the various 
JJarts of the laboratory, was obliterated, and the needle of the 
galvanometer was brought to 0". 

The vapours were admitted in the manner already described, 
until n pressure of - 5 of an inch was obtained. The air was 
t^xi allowed to enter through a drying- apparatus by an orifice 
°f » constant magnitude. Two stopcocks, in fact, were intro- 
**tt<z:«l between the drying-tube and the experimental tube ; one 
°* "these was kept partially turned on, and formed a gauge for 
*-**^ aUmissiou of the air. When the tube was to be exhausted, 
t * > -^ second stopcock was turned quite off. When the tube was 
Xm filled, this stopcock was turned full on; but the gauge-cock 
*-^ never touched during the entire series of experiments. 
-^3efure, however, the mode of experiment was thus Btrictly 
t "^aged, a few preliminary trials gave me the following re- 

-^^itrous oxide on entering caused the needle to swing in a 
*^Uion which indicated the heating of the gas; the limit of 
* excursion was 28°, after which it slowly sank to e . 
T?he pump was now worked ; the propulsion of the first por- 
^**is of the gas from the tube was so much work done by the 
idue. That residue became consequently chilled ; into it the 



*«-««, 



**i 



■ Jacent face of the pile poured its heat, and a swing of the 



needle on the negative side of 0* was 
limit of the excursion was 20°. 

Olefiant gas, operated on in the 
entering the tube a swing of 67°, 
pumping out, a swing of 41 s , showim 
pumping out of the gas, and without-- m 
tity, dry air was again admitted ; 
dynamic radiation of the residue dl 
pressure) was 59°. On pumping on 
absorption produced a deflection \tf 

A little of the vapour of sulphurs 
tube; on the admission of dry ail 
from 0° to 61"; on pumping oui. i 
the opposite aide. 

These and other experiment*, « 
ingly, showed that, without rM 
external to the gaseous b<>4^H 
sorption mijht be determined 
the reciprocity of both phen< 
In fact, at this very time I - 
apparatus for the purpose of e» 
and vapours, with a view 
but no such apparatus woi 
accuracy to those placed 
referred to. 

The following table is the 
dynamic radiation and absc 
was admitted till the mere] 
dry air was admitted afterw 

Table TV.— Dynamic jd 




the mdiatio 1 * ( 
^jrimm*-' tub e : 

I 4c atmospliet*'. 
i in Bind that 

■astity of mat*' 
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The paradox already referred to is here solved, and an expla- 
nation given of the extraordinary effeet observed in the case of 
the alcohol and ether vapours when dry air entered the experi- 
ments! tube. Dynamic radiation, moreover, and dynamic ab- 
sorption go hand in hand ; and if we compare both with Table 
III. (middle column), we shall find the order of the substances 
precisely the same, although one set of results are obtained 
with a source of heat external to the gaseous body, and the 
other with a source of heat and cold within the body itself. 
W.-re .sufficient time at my disposal, this subject could be 
developed with advantage. The measurements just recorded 
constitute my first regular Beries; and, no doubt, augmented 
experience will enable me to attain more perfect results. 

Half an inch of my most energetically acting vapour — 
namely, boracic ether — could not well be obtained ; but one- 
tenth of an inch admitted into the tube and dynamically heated 
and chilled, gave — 

Bad lotion Aburpltnn pa 100 



512. 

Attempted Estimate of Quantity of Radiant Vapour. 

Seeing the astonishing energy with which some of these 
vapours absorb and radiate heat, it may be asked how far the 
<|i]Linti(y of vapour may be reduced before its action becomes 
insensible. At present I will not venture to answer this question 
fully; certainly we should be dealing at least with millionthB 
of our smallest weights. But I will here give a detailed 
account of one experiment, the result of which can hardly 
fail to excite surprise. Tho experimental tube being ex- 
hausted, one-tenth of an inch of boracic-ether vapour was 
admitted into it : the barometer stood at 30 inches at the time ; 
hence the pressure of the vapour within the tube was j^„th 
of an atmosphere. 

Dynamically heated by dry air, the radiation of this vapour 
produced a deflection of 56°. 

The tube was then exhausted to 0-2 of an inch, and the quan- 
tity of vapour reduced thereby to j'jth part of its first 
amount ; the needle was allowed to come to zero, and the 



96 TIIE ABSORPTION AND RADIATION OF HEAT 

a large bolthead, until a common pressure was established 
tween the gas in the tube and the gas in the bolthead. 





Radiation 


Absorption] 


Ammonia 15 in. pressure 


. 665 


33*5 


Sulphurous acid 16 in. pressure 


. 45 


24 



§14. 

Influence of Length and Density of Radiating Column. 

Let us reflect for an instant on the condition of our tube, c^* Um 
taining its £-inch of vapour, at the moment when the latter t*- 9 * 
been heated by the entrance of the air. The rays from tJ& 
molecules at the end of the tube most distant from the pile hm^^ e 
to cross a space of nearly 3 feet before they reach the adjacent et»~ **» 
this space being filled with molecules similar in all respects "*° 
the radiating ones. Hence absorption to a comparatively grer^ 
extent must occur; and indeed we can imagine the tube ^° 
long that its frontal portion should furnish a vapour scre^ 11, 
absolutely opaque to the radiation of its hinder portion. Nc?*^ 
comparing ether- vapour with olefiant gas, it is, I think, evidfe'***' 
that the radiant points of the attenuated vapour, which d^~ 
presses the mercury column only 0*5 of an. inch, are furtt»-^ r 
apart than those of the gas which depresses the column SO 
inches. Consequently there is a wider door open for the radi- 
ation of the distant ether particles towards the pile than for 
the distant particles of olefiant gas. The length of the wh>ols 
column, in fact, might be more or less available for the radiation 
of the vapour, and a part of it only available for the gas. Cufc off 
this useless portion from the gas column, and we do not injixre 
its eflicacy ; but cut off a similar length from the vapour column 
and we may materially diminish its effect. Speaking generally 
in reducing the column of ether and that of gas by the saixae 
amount, the diminution of radiation will be more sensibly ffelt 
where the radiant points are furthest asunder. Reasoning 
thus, it becomes evident that in a long tube the vapour m**J 
excel the gas in its amount of radiation, while in a sho^ 
tube the gas may excel the vapour. Let us now test tb-* 3 
reasoning by experiment. 

The dynamic radiation of the following four substances h£* 
been tabulated thus : — 



J 



BT GASEOUS MATTES. 97 

Sulphuric ether 64 

Formic ether 68*5 

Acetic ether 70 

Olefiant gaa 63 

The action of olefiant gas is therefore smallest when the length 
of the radiating column is 2 feet 9 inches. 

With a tube 8 inches long, or one-eleventh of the former 
length, precisely similar experiments yielded the following 
results : — ( 



Sulphuric ether 11 

Formic ether 12 

Acetic ether 15 

Olefiantgas 39 

The verification of the above theoretic reasoning is here com- 
plete. It is proved that in a long tube the dynamic radiation of 
the vapour exceeds that of olefiant gas, while in a short tube the 
dynamic radiation of the gas far exceeds that of the vapour. 

§ 15. 

Laplace 9 s Correction for the Velocity of Sound. — Remarks on the 
Radiant Power of Molecules and Atoms. 

Some years ago a discussion was carried on between Pro- 
fessors Challis and Stokes on Laplace's correction for the 
velocity of sound in air. Professor Challis contending that 
Laplace had no right to his correction, inasmuch as the heat 
developed in the condensations of the waves of sound would be 
instantly wasted by radiation. Experiments, he argued, con- 
ducted in confined vessels furnish no ground for conclusions 
regarding what occurs in the atmosphere, where the heat 
developed has an indefinite space to lose itself in. Now, our 
experimental tube, though mechanically closed, is thermally 
open ; by employing the rock-salt plate, indefinite extension, 
as regards the radiation of heat, is secured in one direction, 
and the means also exist of measuring the flux of this 
heat. What is true for one direction would of course be 
true for all, so that the apparatus will inform us of what 
occurs in the open atmosphere. The fact, then, is that, 
with, the most powerfully radiating gases hitherto examined, 
7 
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the radiation continues a very sensible time, while the heat 
acquired by air, on entering the tube, is often a source of 
inconvenience on account of the inability of the air to disperse 
its heat by radiation. The question seems therefore experi- 
mentally decided in favour of Laplace and his supporter. 

This lack of radiating power on the part of air, and of the ele- 
mentary gases generally, is very noteworthy. The dynamieally- 
warmed air is the proximate source of the heat imparted to the 
vapours in our experiments on dynamic radiation. It is related 
to those vapours precisely as a hot plate of polished metal to the 
coat of varnish which makes it a radiator. Without the inter- 



mediation of a second body neithei 
of them elements or mixtures of 
impart motion to the luminiferous 
the- motion of heat, but they cai 
light-medium, save in the Bounties 
definite mechanical result of chem 
theory of an rother be true, is as c< 
mathematics, and which would hard 
if the physical vision wore so sharpen 
oscillating atom ami the medium in 
thus dollnitely lest it should be imagii 
vague eonjevt urea, The connexion o. 



ir nor the metal (both 
ents) is competent to 
r. The atoms possess 
ommunicate it to tie 
■ee. We have here » 
union, which, if tb e 
1 as any conclusion o* 
rendered more certain 
s to be able to see tl* e 
ch it swings. I wri*- e 
that we are dealing i- 1 
chemical and mechaw- * 



cai phenomena here established must, I think, be pregnant ^^ 
rennlts. 

[''urthcr, if, «s all the facts declare, radiation and absorption-"" % 
mi' complementary acts, a giving and talcing of motion, unite "~~^i 
liy a bond of strict, proportionality, then it maybe affirmed thas^^^^ 
no coincidence in period between the vibrations of a radiatinjs^- 
hod) 1 and t hoso of oxygen, hydrogen, or air could make any on^ ■"*" 

of those Hill-stances ti good absorber. They are physically in 

eiipuctlalcd fit mi com in nil i eating motion, and hence in an equal 
degree incapacitated from accepting motion. The form af t 
■item, f/tcrWixv, er wnm other attribute than its period 
willtitiou, limit rntfr into (A* q»t»ium of absorption. Thee 
ueiili'iililv of the elementary gases in the foregoing cxperi— 
menu docs not arise from the accident that a sour™ r>r hoahz 
wiii choM'ii whose period! did not synchronize wi 
Hie g.nt; for however both might uynchronixe, Uie 
■I ill he a hud absorber. Kven when the motion 



BY GASEOUS MATTER. 

their own absorbent power does not enable theiu to take up is 
mechanically imparted to the atoms, or is communicated to them 
bj contact, elementary bodies expend it but sparingly upon the 
luniiniferous lether, which accepts all vibrations alike.* 



§ 16. 

Action of Odours upon Radiant Heat. 

Scents and effluvia generally have long excited the attention 

of observant men. They have formed favourite illustrations 

of the divisibility of matter. Several chapters in the works of 

the celebrated Robert Boyle are devoted to this subject, and 

philosophers in all countries have speculated more or less upon 

the extraordinary tenuity of the matter which is competent to 

produce sensible efl'eets upon the olfactory nerves. We have 

tere, of course, materials for a wide inquiry, which it is quite 

oat of my power to undertake at present. I think, however, 

that the apparatus thus far made use of enables us to deal 

with the question in a manner hitherto unattainable. 

The leaves and flowers of a number of dry aromatic plants, f 

obtained from Covent Gardeu, were stuffed into glass tubes 18 

ujelny long and a quarter of an inch in diameter. A current 

of dry air was first sent through the tubes for some minutes. 

■*^*ey were then connected with the exhausted experimental 

* Q l>«, with its sources of heat arranged as already described ■ 

■^**~^ air was then passed over the scented herbs until the 

e * X > erimental tube was rilled. The consequent deflection was 

* lc »'t-eti, and from it the absorbent action of the odorous sub- 

Bt ^-*:!ce was deduced. 

Ihe odour of thyme thus treated intercepted thirty-three 
ll: fc*.e8 the quantity of heat stopped by the air in which it was 
'^iSused. 

' I can hardly imagine the bands in the spectra of metallic compounds to be 
[ | / r **i»Fwl bj the vibration of tha compound atom. All my eiperinjenla show the 
* influence uf chemical union on tun rate of oscillation; the metal itself and the 
, "• t»uiid of that metal could hardly, in my opinion, oscillate alike. Bene.', Ihe fact 
* *■ tbt tinai, soy, of sodium liurnt in air, or rapomed by the electric spark, ate the 
*•* as liiose of chloride of sodium, proves, in my opinion, that decomposition hit 
****til when the bright and constant spectral bands are scan. 

1 mciin -dry' in the common acceptation of the term. They »ero not urcrD, 
■ aidless, strictly speaking, tiey contained aqueous vapour. 
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The quantity of those residues must be left to the imagination 
> conceive. If they were multiplied by billions they probably 

would not reach the density of ordinary air. 

Fearing that the more active perfumes might possibly preju- 

ice the deportment of the more feeble ones which succeeded 

lem, I made a series of experiments with the following 
Benees, and obtained these results: — 

Abwrptlim per IOC 

Cmi'mule Fljwcre 87 

Spike nn r< I SS6 

Aniseed 372 

Immediately afterwards the experiment with bergamot was 
:iti:d, and its action found to be exactly the same as that 
corded in the table. 

In experiments on musk different results were obtained at 
*erent times. On the 16th of October some fresh mask 
•m the perfumer's, placed iu a small glass tube, had dry air 
Cajrried over it into the experimental tube. Thefirstexperiment 
gave an absorption of 71 per cent., the air which carried the 
perfume being unity. A second experiment, in which the air 
*ns admitted' more quickly, gave the absorption 72 per cent. 

It would be idle to speculate upon the quantity of matter 
■which produced this result. The stories regarding the un- 
waathig character of this substance are well known; suffice it 
• a quantity of its odour carried into the tube by a 
Current of air of a minute's duration, produced an effect seventy- 
two limes that of the air which carried it. Long-continued 
(tiled to cleanse the tube and passages of the musk. 
It cannot be volatile, for an amount of ether-vapour which 
B far greater action is speedily cleared away, while the 
**i»and connecting pieces of the air-pump had to be boiled 
ii in of soda before they were fit for use after the expe- 
riments with this substance. 
Two perfectly concurrent experiments with ordinary cinua- 
jiich fragments of the substance were placed in a tube 
will Imd dry air passed over them, gave an absorption of 58. 

kinds of tea, treated in the same manner, produced 

which varied between 20 and 28 per cent. 
■Li s, cinnamon, musk, and the odorous plants already 
dry air had been passed over them for some time 
■ were examined. Still a small amount of aqueous 
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tis exceeding No. 3 considerably. The plates of No. 3 were 
iw reduced so as to make (hem the smallest of ull; the 
:ygen which they delivered gave an absorption of 

85. 

?o_ ring the development of heat with these smallest plates, and 

aoining heat to be very destructive of ozone, I surrounded the 

J3p*ratos by a mixture of pounded ice and salt. The absorp- 

rose immediately to 

13G. 

"Had we not been prepared, by the results already recorded, 
for the effect of minute quantities of matter on radiant heat, we 
coxxld not fail to be struck with astonishment on finding a 
qua.n tit j* of ozone, which would chide all attempts on the part 
ot the chemist to determine its amount, producing an effect so 
BfclSjendoaa in comparison with that of common oxygen, I have, 
hi. ti uv-.t, strong reason to believe that the effect of the ozone 
•a bere understated. 

§ 18. 
Experiments of De la Rive and Mtodingor. 

All the results here recorded had been for some time obtained, 
^vlit'ii, turning to De la Rive's excellent treatise on electricity, 
1 there found the experiments of M, Meidinger on ozone 
referred to. I had never previously heard any allusion made 
to this investigation, and was gratified to find it the record of 
i very interesting piece of work. 

51. Meidinger commences by showing the absence of agree- 
ment between theory and experiment in the decomposition of 
Wa4er, the difference showing itself very decidedly in a deficiency 
of orysen token (he current vma strong. On heating his electro- 
I'mnd that this difference disappeared, the proper 
tyiantity of oxygen being always liberated. He at once sur- 
mised that the defect of oxygen might be due to the formation 
"'" Ozone; but in what way was still to be determined. If it 

S^te due to the greater density of ozone in the tube which 
he oxygen, the destruction of this substance by beat 
store the true volume. Strong heating, however, 
i toyed the ozone, produced no alteration of volume. 
EUdqg M. Meidinger concluded that the observed defect was 
not due to the ozone mixed with the oxygen itself. He finally 



"."" = HEAT 

sirisractory experi- 
ir-i 37 tie formation of 
- ^=" ~— ~ the liquid was 
? =r was further led 
-t-ilt iires, and ft.und tLe 
.c^Lir with a small elec- 
-.cr _ie inferred that tLe 
**menting the density of 
-•«f and electrolyte mid. 
- Z!c methods independentlr 
1-:L •:: 2i.s: J :!;.. . • " - Arriving at the same 

ti'.s rUr of ni-:.:.- ' r ^ e accuracy of my 

Fr :L* p"r;»- ?as ?^a*mt to find them 

:v.n*:-.t thr- ■ -'* ^"pected way. Since 



• -• r^T * . """ 

•■ ■ * 

■ - * .... t.'T Urn 

' ... 

- 1 "* * _ 









vTt>ne. 



w->.- r.s-J in t): - : - C1 " - ^^ repeated his experi- 

«].*.-r.-.l but l:tt:- * - J? -*•** described, and have 

F.-r mv rec-.-.-:- " ^atest absorption also 

constructed: tL -^'- "^- of oxygen liberated * 

s«jU;ir».* inches .t 

?•]"«'''" ; thl- |,l;it. 

'»f riurfjii;c ; \\].. 
in'h of surfai-- 

#iv« the follov. — 3l * ***"■ in the forego! -** 

.-riwmrable by ordinary mea^^ *f ' 
.. va^Luzed behaves at all li ^ l ^ C 

... fdzt gas, or boracic-eth >^?f*t 
. n^*i transcend either. If ^^\ 
. fcl ,.. *'*> groups of atoms, whic* * * g 
'flit- alisoriitio: - - s "" l * r4 '** {P ' /ier ' Two viev ~ ** 



A M ,. r ,v H of - — "-*? one regarding it as ^ j 

Nh-s.. ivHulfs- - -ciwund of hydrogen. : f 

__ : .3*? following way :— Hea- -** -z 

^«x c> % heat would convert ir^ 
.^ i.v jydrogen compound, heaft' **** 
I !.•■-.• f i i€ . j la ^ %w> i.-:eous vapour. The gaa^ ** l$ 

A l M| H.inii ".^..m'ltal tube would give the 

1,1,1 k" Nifin . ^ sW ^s plus aqueous vapour 

u ,( u Uhl w |.' -* ^ . ot . The dry electrolytic gas 




- • f'! 



.in'If was the first to observe the 
...»-. t-aieat of ozone. 



BY QASBOBS MATTER. 

wis first caused to pass through a glass tube heated to redness, 

■<■ directly into the experimental tube. The experiment 

was repeated with a drying apparatus introduced between the 

heated tube and the experimental tube. The result is, that 

Mtherto I hare nut been able to establish with certainty a 

between the two cases. If, therefore, the act of 

In -ating developed aqueous vapour, I can only say that the most 

powerful experimental tests fail to prove its presence. Tor 

He present, therefore, I hold that ozone is produced by the 

packing of the atoms of elementary oxygen into oscillating groups — 

that heat dissolves the bond of union, and allows the atoms to 

swing singly, thus disqualifying them for either intercepting or 

^aerating the motion which in combination (hey are competent 

"> intercept and generate. 



(SO, 

f Aqueous Vapour upon Radiant Heal. — Experiments' 
of Magnus. 

Since these researches were commenced, an eminent experi- 

:ls been led by his own inquiries in another field to 

Gl >ter upon the investigation of gaseous diathermancy. On the 

*tb. of February of the present year (1861), Professor Magnus 

^Olnmonicated to the Academy of Sciences in Berlin a memoir 

Oq the Transmission of Heat through Gases.' * The published 

oticea of my experiments, commencing in May 1859, had 

his attention, and his work is therefore to be regarded 

independent of mine. Considering the very different methods 

Hich we have pursued, the general agreement between us must 

~ regarded as remarkable. 

The Btarting- point of Professor Magnus's investigation was 

*e interesting experiment of Mr, Grove, in which a platinum 

**e heated to whiteness by an electric current is suddenly 

5 °oW when plunged into hydrogen. This action, which we 

hitherto been disposed to -attribute to the mobility of 

'Jdrogen, and its consequent high conveetive power, Professor 

holds to be an effect of conduction; and this belief 

iced him to examine the conductibility of gases generally. 

TkfpadoriTi Aatutn, reprinted is Philosophical Mrtijatiru, P. 4. vol. »ii. p. &8. 
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oat their use to those who may afterwards enter upon this 
etensive field of inquiry. 
Experimenting in the ordinary way with his thermo-electrio 
aile— thatis to say, using one of its faces only— Profess or Magnus 
nds that air and oxygen respectively intercept more than 11 
?ei cent, of the heat emanating from his source of heat, while 
tiydrogen cuts off more than 14 per cent. I, on the contrary, 
-ith the most powerful and delicate means I could employ, failed 
to establish, by experiments made in the ordinary manner, any 
action whatever on the part of these gases.* In fact it was their 
neutrality that drove me to devise the principle of compensation, 
described in the last memoir and briefly referred to at the com- 
mencement of this one. I was so particular in the experiments 
X&Sch led to the above negative result, that if the absorption 
amounted to one-tenth of that found by Professor Magnus it 
could not have escaped me. Nor is it likely that, if such an 
ftetion existed, Melloni could have concluded that the absorption 
of a column of air fifteen times the length of that employed 
by Professor Magnus was absolutely insensible. 

In the account of experiments published in Memoir I., where 

the source of heat was also 100° C, and the powerful method of 

ition was employed, the absorption of air, oxygeu, 

I wwl hydrogen is set down at about 0-33 per cent., which is for 

to and oxygen thirty times, and for hydrogen over forty times 

I hat found by Professor Magnus. 

In fixing the above figure for the absorption of these 

!■*», I protected myself by assigning the superior limit of 

We Bffijct, but I was morally certain at the time that by the 

ut of the apparatus in power and delicacy, the effect 

made less. In the present inquiry, accordingly, the 

'DBorption was found to be under 01 per cent., which in the 

**« of oxygen is less than -r^th, and in the case of hydrogen 

*•» than -r^th of the effect obtained by Professor Magnus with 

1 tube less than half the length of mine. Making every allow- 

the difference between, our two sources of 

pancy between us is still enormous. In fact my c 

Mi|*on is that these gases are practical vacua to radiant heat, 

Jl "l that the mixture of oxygen and nitrogen which constitutes 

™* body of our atmosphere is the same. 

• p* r 12. 
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hjdrogen. Our sources of heat are, it is true, different, but 
lg disadvantage is on my side ; for assuredly the rays from 
Lro less affected by the transparent elementary gases 
mil those from an obscure source. Were the time at my dis- 
oaal, I would repeat the experiments with a flame; but this, I 
egret to say, is out of my power at present. 

A Bother difference between Professor Magnus and myself has 
eference to the influence of aqueous vapour. With both the 
as- flame and the boiling water as sources of heat, he finds the 
EFect of dry air to be precisely the same as that of air which he 
as allowed to pass in minute bubbles through water, and thus 
aturated with aqueous vapour. 
I was engaged in experiments on this substance when my 
her duties compelled me to close this inquiry for a time. It 
may, however, be safely affirmed that not only is the action of 
aqueous vapour on radiant heat measurable, but that thil action 
vuiyhe made use of as a'meanure of atmospheric moisture, the tube 
t my experiment* being that converted into a hygrometer of 
ntrpntgiiig delicacy. Unhappily, as in other cases touched upon 
in this memoir, I have been unable to give this subject the 
desired development; but the results obtained are neverthe- 
less interesting. 

On a great number of occasions the air sent directly from 
the laboratory into the experimental tube was compared with 
(he aarne air after it had been passed through a dryiug-appa- 
rvttus. Calling the action of the dry air unity, or supposing it 
■■"th.'r to oscillate about unity (for the temperature of the 
B <*arce of heat varied a little from day to day), on the following • 
*sjs the annexed absorptions were observed with the undried 
*•**• of the laboratory : — 





Absorption 


* b>i undried air. 


. 


. 63 


| Norember Ut 


■ 


. 02 


V i i-rnlifr ill] 


■ 


. 65 


Korambar 8ih 


October Slat 


. 68 


NoremljiT 12lh 



' ths of the above effects are due to aqueous vapour ; 
refore, in some instances exerted neurit/ sixty times the 
*ction of the air in which it wis diffused. 

executed on aqueous vapour have been very 
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tumerous and varied. Differing, as I did, from so cautious and 
ible an experimenter as Professor Magnus, I spared no pains to 
ecure myself against error. Air moistened in Yarious ways, 
sometimes by allowing small bubbles of it to ascend through 
vater, sometimes dividing it by sending it through the pores 
>f common cane immersed in water, has been experimented 
frith. Between the drying apparatus and the experimental 
Lube tubes have been introduced containing fragments of 
?lass moistened with water, and the air allowed to pass 
3ver them ; in all such cases large effects were obtained, the 
absorption being usually more than eighty times that of dried 
air. Fragments of unwetted glass, which had been merely ex- 
posed to the air of the laboratory, had dry air led over them 
into the experimental tube ; the absorption was fifteen times 
that of dried air * A roll of bibulous paper, taken from one 
of the drawers of the laboratory, and to all appearance per- 
fectly dry, was enclosed in a glass tribe, and dry air carried 
between its leaves. The experiment was made fire times in 
succession with the same paper, and the following absorptions 
were observed : — 

▲bmptioa per 100 
No. 1 . . . ' . • .72 

No. 2 62 

No. 3 62 

No. 4 47 

No. 5 *7 

In fact, the action of aqueous vapour is exactly such as migb* 
be expected from the vapour of a liquid which Melloni found t*> 
be the most powerful absorber of radiant heat of all that lx e 
had examined. 

§21. 

Night-Moisture on the Interior Surface of Experimental Tubr* 

Abandonment of Rock-salt Plates. 

Every morning, on commencing my experiments, I had e*- 1 
interesting example of the power of glass to gather a film o 
aqueous moisture on its surface. The air of the laboratory beiug 
removed from the experimental tube, on allowing dry air to enter 
for the first time, the needle would move from 0° to 50°. On 

• These experiments hare a direct bearing on the lubsequent ones of Prof*** 
Hagnue. [1 872.] 
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jumping out it would return to 0°, and on letting in dry air a 
Wend time it would swing almost to 40". Repeated exhuus- 
; this action to sink almost to nothing. These results 
mt entirely due to the vapour collected during the night in an 
Limsil>le film on the inner surface of the tube, which was removed 
by the ;iir on entering, and diffused through the tube. When 

■ entered at the end of the tube nearest the source 
ufWt.un the first and second admissions, and sometimes even 
OBI third, the vapour carried from the warm end to the cold 
ami was precipitated as a mist upon the surface of the glass 

ii distance sometimes of nearly a foot. The mistiness 
always disappeared on pumping out. It i9 needless to remark 

■ if this character, of which many could he cited, were 
not calculated to promote incautiousness on my part. I saw 
very dearly how easy it was to fall into the gravest errors, and 
took due precautions to prevent myselfcfroni doing so. 

Knowing that a solution of salt was almost as opaque l<> ra- 
diant, heat as water itself. I was careful to examine whether the 
B&cb observed with aqueous vapour might not be due to the 
Facilitation of the vapour on the rock-salt surfaces. The sub- 
'.,.11 known to be very hygroscopic ; and during the 
tat three years the knowledge of this fact has rendered me 
careful to remove the polished plates every evening from the 
. and to keep them in perfectly dry air. Still, when it 
L ^ remembered that the air on entering the tube is raised in 
teui[.wature and thus enabled to maintain a greater amount 
and that the tube and plates of rock-salt form the 
Manuel for a flux of heat from the radiating source, the likeli- 
hood of precipitation occurring will seem but small. On ex- 
amining the plates, moreover, after the undried air of the 
laboratory had been experimented with, no trace of precipitated 
a oisture was observed upon their surfaces. 
hut, to place the matter beyond all doubt, I abolished the 
■■■k-salt altogether, and operated thus: — An india- 
B (Fig. 0) was filled with air, and to its nozzle a 
'i'kiv.with the cocks QQ/, was attached. The cock Q' was con- 

■ two tubes, U' IT', each of which was filled with frag- 
Oents of glass moistened with distilled water. The cock Q was 

with the tubes U IJ, each of which was filled with frag- 
[1 iaa moistened by sulphuric acid. The other ends of 
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these two aeries of tubes were connected witli the cocks 00 
from the T-piece between these cocks a tube led to I ' 
the open experimental tube T. The cock A at the i 




of the experimental tube was placed in connexion >■■ 

pump. The pile P, the screen S, and the coi 
were used as in the other experiments. K is 
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mVr, mill C the source of heat. In some experiments I had 
e end E closed by a plate of rock-salt, in others it was allowed 
remain upen, a distance of about 12 inches intervening 
■ radiating surface and the open end 17 of the expe- 

the cocks Q and 0, and opening Q' and 0', gentle 
bag applied to the bag It, a current of moist air was 
Jntrged at the end E' of the experimental tube. The 
mnexion with A was then worked, and thus by degrees 
tie sir was sucked into the tube T. The deflection of the galva- 
i-i W, when the moist air filled the tube as completely 
Utlie arrangement permitted,*— this deflection being due to 
minance of the compensating cube over the radiating 

Tli. cocks Q' and O* were now closed, and Q and opened; 
•Weeding as before, a current of dry air was discharged at E', 
nil this air was drawn into the tube T in the manner just 
lambed. The moist air was thus displaced by dry; and, 
displacement was going on, the galvanometer was 
through the distant telescope. The needle soon 
sink, and slowly went down to zero, proving that a 
antity of heat passed through the dry than through 
nr. The wet airwas substituted for the dry, and the 
wet twenty times in succession, with the same con- 
it result: the entrance of the humid air caused the needle 
om 0° to 30", while the entrance of dry air caused it 
» fell from 30' to 0°. The air-pump was resorted to, because 
' bond in attempting to displace the air by the direct force of 
the current from B, the temperature of the pile, or of the source 
s f heut, was so affected by the fresh air as to confuse the result. 
I Diaj remark that not only have 1 operated thus for days with 
*qieous vapour, but every result obtained with vapours generally 
■'. im confirmed, bo that all doubt as to the applicability 
■ck-nlt plates to researches of this nature may, I 
be abandoned.! 

onrae, only partially. 
1 to be source of errof in Profensrcr Magnus's subsequent experiments. 
*» JU,r,,r IV. Il is sheer want of time that pnvrnls me from describing more 
v tIi* Domarco* eipenmaati executed wilh open tabes. 
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Proposed Solution of Discrepancies. 

Whence, thee, arise those differences between Professor 
Hagnns and myself? I am quite convinced that his experi- 
ment* bare been made with the utmost care which it is possible 
to bestow upon scientific work, and the differences between us 
■re, in my opinion, to be referred to a radical defect in his 
epfitmtu*. Hia desire to do away with plates of ail kinds 
between his source of his pile, caused him to bring 

his gas into direct contact % source of heat I was on the 

point of falling into the sam r ; hot a series of experiments 

executed with reference to int, so early as July 26, 1859, 

proved the accuracy of the r tt to be entirely compromised 
by bringing the gas to be ea nined into contact with the 
source of heat. In one experii nt where this occurred I ob- 
tained an action forty times wt— I knew it ought to be, being 
thereby confirmed in my opt: i aa to the necessity of inter- 
posing a vacuous chamber in front of the experimental tube- 
I*>t mo here record a few experiments made on the 4th of hi 8 ^ 
November in connexion with this subject. 

Hitting first made sure that the drying apparatus was i° 
)*>rlivt condition — the air of the laboratory producing, wbe* 
wiit t Immgh it, an absorption of 1 — this same dry air was se** 
Into, tin' flrout chamber, that is, into direct contact with t» 
■muw. 'Vhi' galvanometer needle moved as it does in the c» fi 
nf ttluH'iWitt gases, and at the end of two minutes it declare** 
Isu • ><f beat equivalent to an absorption of 50. The fr^* 1 
tdiaiuher is S inches in length; the experimental tobeSSinch^ 
Wnoo a column of 8 inches, in contact with the radiating s* 3 
IWv'rt pnHluotfd at least fifty times the effect of a column mC* 
\\\m ft»«r times aa kmg when the air was separated from t>*= 
Uttlitttintf anriao*, 

'IV liwt^iu/ experiment was made three times in suceessic* 
1 Mi 1 l«llovtWvMm»mtr«*U»neediew»slonndp^tingtopre«i»^ 
Uu> «tMwtto|(w#» th* toirfriaff of the somee of heat was pg£ 
\\v\\\ tMitatftnt *ad r*(ra)ar, and in all cases ahowcd a lcaw 
tiqiiiHUint t\< an wfcawftion of S& 

H mil W ivwwwWwd (ha* Profceeor Magnus obtained 
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ater absorption with hydrogen than with either oxygen or 

This result is perfectly explained by reference to tlie 

nicker convection of this gas. I operated with hydrogen as 

with air, first satisfying myBelf that a column of the gas SS 

nehes long exercised an absorption less than unity : in fact it 

mid not be measured. The same hydrogen introduced into 

e front chamber, and allowed to remain there for two minutes, 

caused a withdrawal of heat equivalent to an absorption of 65. 

Now tlie action of air in Professor Magnus's experiments is to 

that, of hydrogen as 

1112 : U41, 



'tile my results of convection are as 

BO : 6fi. 
Hie coincidence is so perfect that one is disposed to regard it 
m in part accidental.* 

Substantially the same remarks apply to the experiments 
"it!i the glass tube stopped with plates of glass 4 millimetres 
-rding to Melloni, 61 per cent, of the rays of a Loca- 
lamp are absorbed by a plate of glass only 26 millimetres 
t*iii.'k. True, Professor Magnus surrounded his flame by a glass 
and this, it may be urged, partially sifted the beat of 
the lamp before it reached the end of the tube. But in so 
the glass cylinder itself must become intensely heated; 
■U'dln the heat of the cylinder the glass ends of the tube would 
le opaqve ; they would absorb it all. Cold air admitted into 
""■■li ;: lube is exactly similar to cold air let into my front 
t chills the secondary sources of heat, and main- 
hill by convection. The heat applied may, in fact, 
malysed: — 1. We have a portion of the heat from 
nie lamp passing without losing the radiant form through the 
to the pile ; 2, a portion of that flux arrested by the 
™rt glass plate; 8, a smaller portion arrested by the second 
I 4, the heat radiated by the first glass plate towards 
.. and wholly absorbed by the latter; 5, the heat 
this bitter against the pile. This analysis enables 
iv understand how Professor Magnus obtained an 

■:■ iiUl. Tlii- i"=qU it entirely in oocordnnct n . 
tout BamfiwJ. 11872], 
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absorption of only 2£ per cent, with the tube blackened 
within, and as much as 1 1-75 per cent, with the uu blackened 
one. With the nnblackened tube, both the Bource of heat and 
the plate of glass nearest to it sent a copious flux down the 
tube to the plate at the opposite end ; for here the oblique rays 
are in great part reflected by the interior surface. Witt the 
blackened tube this oblique radiation is cut off, the rays incident 
on the interior surface being absorbed. Hence the plate of gloss 
adjacent to the pile must be inueh more intensely heated with. 
the unblacl en ■ i tube than with the blackened one. The 
difference in the amount of heat impinging on the pile-end 
plate in the respective cases is rendered very manifest by the 
experiments of Professor Magnus himself; who finds the heat 
transmitted by the uncoated tube to be twenty-six times that 
transmitted by the coated one. What, therefore, Professor 
Magnus ascribes to a change of quality by reflexion, is per- 
fectly explained by reference to the greater hearing, awl t&ntf 
ijueHl jrmiltr thilling fry the cold air, of the plate of glass clow 
to the pile. 

Tito difference between Professor Magnus and myself as 
regards the action of aqueous vapour admits also of easy expla- 
nation. His effect being one of convection, and not of absorption, 
tho quantity of vapour present in his experiments — probably 
not more than 1 per cent, of the volume of the gas, certainly 
nut il per cent.— vanished as a converting agent, in comparison 
uilh Hie air. 

1 1 in hardly utxessary to repeat these reflexions with reference 
to tho experiments of Dr. Fran*. The mistaking of the chilling 
of bin (dates for absorption caused him to find no difference °* 
effect wWu he doubled the length of his tnbe. With a tube 
l.V millimetres k»rqr, he found precisely the same absorption afi 
with oho of 900* He also found the action of carbonic acid *° 
l*o the *anw us that of air. although at atmospheric pressux*" 5 
I ho aelioti of itw torttier is 90 times that of the latter* *** 
lotmd tho vapour of broauae- mora dtntrwrtive to radiant b^** 
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than nitrous acid gas, whereas the Utter is beyond comparison 
the must destructive. The heat rendered latent by the evapora- 
tion of the bromine of course augmented the chill of bis plates, 
and thus magnified the effect which iu reality he was measuring. 



Action of Atmospheric Envelope. — Posnibte Experimental Deter- 
mination of the Temperature of Space. 

As a dam built across a river causes a local deepening of the 
stream, so our atmosphere, thrown as a harrier across the terres- 
trial rays, produces a local heightening of the temperature at 
the earth's surface. This, of course, does not imply indefinite 
accumulation, any more than the river dam does, the quantity 
lost by terrestrial radiation being, finally, equal to the quantity 
received from the sun. The chief intercepting substance is the 
aqueous vapour of the atmosphere,* the oxygen and nitrogen of 
which the great mass of the atmosphere is composed being 
sensibly transparent to the calorific rays. Were the atmosphere 
cleansed of its vapour, the temperature of space would be 
directly open to us ; and could we under present circumstances 
teach an elevation where the amount of that vapour is insensible, 
we might determine the temperature of space by direct experi- 
ment. Colonel, now General, Strachey has written an admir- 
able paper on the aqueous vapour of the atmosphere,! in which 
ha shows that the amount of vapour diminishes much more 
te-pidly with the elevation than might be inferred from Daltou's 

It might therefore be possible to reach a height where, by 

g one face of a thermo-electric pile at the temperature 

"f the locality, the other, protected from all terrestrial radiation, 

amJ turned to the zenith, would assume the temperature of 

space,* while the consequent galvan«metric deiiection would 

* Tbemildnemof *n islu"d climnte must be in part duo to this cause. The direct 
Hlfjont is to cheek Hidden fluctuations of temperature. Where it ii 

"■"••-lit, „ a[ t ] ]e guffaw of the moon, such fluctuations must be cn-.rr -. The 

*■ 'ui-m.l lownnis the sun drinks in the solar rnjs without lat or hindrance, wiiils 
i the fair* turnnl from the sun pours unchecked into space. 
■ S. *. vol. x*iii. p. 152. 
it ooW air would he formed within the conic*) reflector, tha lowest stratum 
■■: 'ring the temperature "i the We of the pile. 
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give ua the means of determining the difference in tem- 
perature between the two fates of the pile. Knowing, there- 
fore, the temperature of the locality, we could infer from it the 
temperature of stellar space. Many eminent writers, it is true, 
have supposed the upper atmospheric regions to be colder thin 
space, the temperature being lowered by the radiation of the 
aerial particles, just as the temperature of a grass-blade is 
lowered by radiation on a clear night. This notion mast, I 
think, be abandoned ; for experiment leads us to conclude that 
air, and particularly air in the higher atmospheric regions, 
behaves as a vacuum both as regards radiation and absorption. 



Remarks on the Experimental Evidence of Gaseous Co,,-' 

Influence of Density on Convection. — Internal Friction of Air. 

In his paper on the conduction of heat by gases, Professor 
Magnus has adduced some striking experiments to show that the 
cooling of an incandescent wire in hydrogen is not due to the 
convection of the gas. He finds that when the wire is enclosed 
in a narrow tube, with only a thin film of the gas surrounding it, 
and where therefore currents, in the ordinary sense, can hardly 
exist, the gas still exercises its cooling power. It had often 
occurred to me to make this experiment ; and when intelligence 
of its successful performance by Professor Magnus first reach e ** 
me I adopted his conclusion, that the cooling is due to co**" 
duction. 

Reflexion, however, caused me to change this opinion. S^P 
pose the wire to be stretched along the axis of a wide cylin** 13 
containing hydrogen, we should have convection, in the ordin**-*^ 
Bense, on heating the wire. Where does the heat thus disper^ e 
ultimately go ? It is given up to the sides of the cylinder, s*-^ 
if toe narrow the cylinder we simply hasten the transfer. I*-* 
process of narrowing may continue till a tube like that used 
Professor Magnus is the result; the convection between cent-"" 
and sides will still continue, and produce the same cooli^^" 
effect as before. Whether we assume conduction or convection C^~ 
the part of the gas, the tube surrounding the wire must posse 
sufficient conducting power to carry the heat off, otherwise 
would become incandescent itself by the accumulation of the hea^*" 
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The farther reasoning of Professor Magnus in connexion with 
tliissnbject is of extreme ingenuity. He contends tbat there 
ia no reason why stronger currents should establish themselves 
■ ii than in other gases. Currents, he urges, are due to 
differences of density produced by the expansion of a portion of 
the gas by heat. But hydrogen actually expauds lest than other 
gases, and hence the differential action on which the currents 
deppud is less in this gas than in the others. Professor Magnus 
allu.b.-B to the friction of the particles against each other, but 
considers this ineffective. 

This reasoning leads us to the threshold of a question which 
might form the subject of a long and profitable investigation. 
The question is : — For a given difference of density, is not the 
lobllitj of hydrogen greater than that of the other gases? The 
experiments recorded in 5 -2, where different gases were brought 
into direct contact with the Bource of heat, seem to answer this 
'I'lesti.m in the affirmative. I have had no time to pursue the 
question regarding hydrogen ; but a few experiments have been 
made which show in a very striking manner the influence of 
i the mobility of a gas. 
Having first so purified atmospheric air as to render it sen- 
Mi to radiant heat, I allowed 15 inches of it to enter 
ibamber F (see Frontispiece), and there to come into 
taotaat with the source of heat. Convection, of course, im- 
oediaWy set in, and its amount was accurately measured by 
"^quantity of heat withdrawn from the radiating surface ; 
Has. expressed in the units adopted throughout this memoir, 
»ast>2. 

Tin- quantity of gas in the front chamber was then doubled — 
in other words, increased to a whole atmosphere ; the withdrawa 
of beat was expressed by the number 68. 

iu the last experiment we had double the number of atoms 

wading themselves with heat and carrying it away; if their 

notion had been as quick as that of the atoms when half an 

ifajotphere was used, they would have withdrawn sensibly 

Imbla ibe amount of heat; but the fact is that half an atmo- 

ried off 62, while a whole atmosphere earned off 68 ; 

absolute swiftness of the atoms in the case of the 

must be very much less than in the case of the rarer. 

■ amount of heat withdrawn will be proportional on 
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the one hand to the number of carrying particles, and on the 
other to the velocity with which they move; hence if v and if 
be these velocities, we have 

63 t> tr 62 

68" 2f ?~S4 

Thus, while the atomB of the rarer gas travel 62 units in a 
second, those of the denser gas travel only 34. 

This retardation can, I think, arise from nothing else tiisn 
the resistance offered by the particles of the air to the motion 
of their fellows. It must be borne in mind that the smallnesa 
of the increment observed on doubling the amount of gas was 
not due to the partial exhaustion of the source of heat by 
the first half atmosphere of gas. The heat of the source win* 
such that the withdrawal of (54 of our units could not sensibly 
affect the subsequent convection. 

Here, then, we see what a powerful effect density, or the in- 
ternal resistance which accompanies density, has on the mobility 
of a gas ; aud there is every reason to suppose that the mobility 
of hydrogen is due to the comparative absence, in its case, eza 
internal friction. However this may be, the foregoing eiper-3 
ment enables us to draw some important inferences. 

Local storms at great heights most be greatly facilitated tr* 
the mobility of the particles of the air. Storms are cases ■* 
convection on a large scale, and in oar front chamber we htm. 
one in miniature. 

In the summer of 1859 I was fortunate enough to indo-*^ 
Professor Frankland to accompany me to the summit * 
Mont Blanc, and to determine the comparative rates of comb 1 * 1 
tion there and in the valley of Chamouni. Six compos* 
candles were burnt for an hour at Chamouni, and the lo&0 ' 
weight determined! The same candles were lighted for *** 
same time on the summit of the mountain, and the consumpfci-*" 
again determined. Within the limits of error, the consumpti- - " 
above was equal to that below. The light below was immens^^ 
greater than that above, still the amount of stearine consmU*-' 
in the two cases was sensibly the same. Professor ^Frankhw* 
surmised that this might be doe to the greater mobility of t5~* 
rarefied air, which allowed a freer interpenetration of the flaiS* 
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\yy -the oxygen ; * and the foregoing experiments show that the 
a ug mentation of mobility is just such as would account for the 
otos^vfcd. effect. 

♦ The influence of interpenetration is well seen in the exposed gas-jets of London, 

particularly in the butchers' shops on a Saturday night. A gust of wind, which 

carries oxygen to the centre of a flame, Suddenly deprives it of light. A simple and 

\>eautiful experiment consists of passing a lighted candle swiftly to and fro through 

the air; the white light reduces itself to a pale-blue band. Bunsen's burner is an 

illustration in the same line. 



III. 

ON THE KELATION OF RADIANT HEAT TO 

AQUEOUS VAPOUR 




ANALYSIS OF MEMOIR III. 

Is the analysis of Memoir II. the differences which had arisen tetwven 
Professor Magnus and myself regard in ft Uie action of dry air on theonebaad,"^ 
of aqueous vapour on the other, are briefly adverted to, and in the coocludinf 
sections of this memoir the subject is discussed and a solution of tbe diacMp" 
auciee is offered. Professor Magnus had previously shown the clanger arising 
from the hygroscopic character of rock-salt ; and L in the memoir referred to, 
replied hy definite experiments lo this objection. 

In the summer of 18U2 be came over to the International Exhibition and ' 
had the great pleasure of spending s good deal of time in his genial company- 
This wm a favourable opportunity for settling our differences, which were th^ 
subject of frequent conversion between us. lie did me the pleasure to come 
to the Royal Institution tn witness ray experiments, and it was also bis wish 
to show me his arrangements and to teat them in my presence. This wish, 
however, his iucc-s-aiit occ pulions prevented liim from carrying out. 

It was first proved to his satisfaction that the method or compensation, re- 
garding which I once observed him shake his head in doubt, was capable of 
the last degree of precision. In an experimental tube closed with rock-salt, I 
showed him the neutrality of dry air, and the activity of humid air. While 
the tube remained tilled with the latter I removed the rock-salt plates and 
placed them in his bands for inspection. He looked at them, passed his finger 
and hia dry handkerchief over them, and in the frankest manner exclaimed 
' there is no moisture there.' I then repeated the experiments with an open 
tube, and over and over si_iii]i, di-ri.t- \i\- moist air by dry, and dry air bv moist, 
showed him hy precise and concurrent measurements tbe constant difference 
subsisting between iheui. 

I thought it due to him to pay strict attention to every objection he raised, 
whether in his published papers, his letters, or his conversation. He once 
mentioned to me his having found that a layer of air 12 inches deep sufficed to 
absorb all rays that air was capable of absorbing;' and he contended that the 
distance between the end of my experimental tube and my pile, owing to the 
length of its conical reflector, was sufficient to remove moat of the heat taken 
up by air. This being the esse, the neutrality of dry air followed in my expe- 
riments as a natural consequence. For, he rightly and ingeniously contended, 
assuming air to possess the alleged power, the fact that my pile stood beyond 
the experimental tube made no difference ; because the introduction into the 
experi mental tube of its charge of dry air merely transferred the absorption 
to a different part or the path traversed by the heat-rays, but did not alter the 

* I understood him to say that he bad prepared a paper for PoggendorflT, In which this 
anil oilier remarkable reaulta were established. But I have never bean able to find the 
paper. 
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•ttiount of tlie absorption, lie also one d*J drew my attention to the sunbeams 
«J«ntitig through the duply sir of Ijonilon, and remarked good-buniourediv, 
• There is the source of your absorption.' My first care in 1802 was to meet 
■these objections. 

In tin.- tirnt experiment of the roUowiog memoir the reflector of the pile 
|>]ne'-J vilhia the ex peri mental tube, the face of the pile being only jLth of 
nri inch distant from the phite of rock-Halt. The distance, it was conceded, 
ci"il<l produce no sensible absorption. The arrangement is also to be recom- 
mended because ol the security it ensures against moisture; the heat being 1 
conc*ntmted upon a small portion of the central area of the plate of salt. 
Tli" r-'.-ults obtained with this arrangement were precisely the same as the 

To meet the objection regarding London air, I sent special messengers lo 
Hyde Park, Primrose Hill, Hempstead Heath, and Epsom Downs, and bad air 
from then places. I made an expedition myself to the Isle of Wight, and 
carried home specimens of air from ■various pans of the island. The experi- 
nients made with all these samples of air entirely corroborated the previous 

London air. moreover, was purified and dried, until its action on a powerful 
bewtni of heat was insensible. It was then sent over fragments of glass moistened 
■with distilled water. No smoke or dust could here mil with it; still its 
deportment was in perfect accord with the other experiments. 

fry smoke, thicker than it ia ever Been in London streets, was then purposely 
*'""' into the experimental tube. Its action was found to be only a fraction of 
U>*»t of aqueous vapour. 

' OuB sought lo do away with the experiment!!] tube itself, and to discharge 
r ~~>'~ -* ir mid moist alternately between the source of heat and the pile. The 
'"TvbiI effect was small, but distinct. This experiment, however, which was 
°' x li« moat extreme delicacy, I should like to confirm by repetition. 

*T»e question whether condensation occurs on the interior of the experimental 
_ a *»«i no as to diminish its reflective power ia considered. Humid air is admit ted 
*** 'Vncviiig quantities, and it is found that the absorption of radiant heat is 
^^Ulratelv proportional to the quantity of vapour present. Such proportionality, 
- »» Urged, could hardly iriw from the supposed condensation. 
1*he bearing of this property of aqueous vapour upon various problems and 
P"**t»omeua of meteorology is then pointed out. The great daily range of the 
*"«fmotreter in dry climates ; the production of frost at night even in Sahara ; 
Wo cold of the table-land of Asia ; the contrast between day and night on 
01 r *un tains; the artiiiciiil production of ice in India: Leslie's significant remarks 
00 Ms athrioscope, where he shows that days of equal atmospheric clearness differ 
•Welj iruni each other as regards the power of the air to stop terrestrial radia- 
tion. All these observations are in harmony with, and are indeed explained, 
t>J tiiiaaeoly discovered property of aqueous vapour. 
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m. 

ON THE RELATION OF EADIANT HEAT TO 

AQUEOUS VAPOUR * 

§1. 

Objections to RocksaU Plates considered. — New Experimental 

Arra/ngement, 

1 have already given an account of experiments which 

brought to light the remarkable fact that the body of our 

atmosphere — that is to say, the mixture of oxygen and nitrogen 

of which it is composed — is a comparative vacuum to the 

calorific rays, its main absorbent constituent being the aqueous 

vapour which it contains. It is very important that the minds 

of meteorologists should be set at rest on this subject — that 

toey should be able to apply, without misgiving, this newly 

revealed physical property of aqueous vapour ; for it is certain 

to have numerous and important applications. I therefore 

bought it right to commence my investigations this year with 

a fresh and special series of experiments upon atmospheric 

?a Pour, which I have now the honour to submit to my 

feeders. 

^ock-salt is a hygroscopic substance. If we breathe on a 
P°*ished surface of rock-salt, the affinity of the substance for the 
ttlo isture of the breath causes the latter to spread over it in a 
^*** which exhibits brilliantly the colours of thin plates. The 
^^es of colour shrink and finally disappear as the moisture 
eva porates. Visitors to the International Exhibition of this 
^ e ^r may have witnessed how moist were the pieces of rock-salt 
e *bibtted in the Austrian and Hungarian Courts. This property 
°* tbe substance has been referred to by Professor Magnus as a 

Received by the Eoyal Society November 20, and read before the Society 
"**nber 18, 1862. Philosophical Transactions, part i. for 1863, and Philosophical 
X*giumt for July 1868. 
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"\e "±-&* :t ^rr:r in: :ny researches on aqueous vapour; * 
z ":r_z~ leix-sired :n tlie surface of the salt would, he urges, 
:■:•? tie riEfjr l^oribed to tie aqueous vapour. I will,^ 
i-v -?Li«--*. iescrtbe a aiethod of experiment by which e* etx 
■exptfr^need jperascr may avoid all inconTenience of t*^ 

ti*f triar-f wiioa icecmponies my former paper, the thert** 
~c zil^ ji i^ind wizk rwo conical reflectors, both oute* 
_ xr* rjnenuLL tube : ia my present experiments the reflect 
w : n:l iced tie scarce of heat is placed rt/Am the experiment 
r:*:«e. :^ zarr\?w aperture* which usually embraces the pi 
i::tirr^c acainss the F 1 * 1 * °* iwk-*»lt which stops the til - * 
JL:. 1 -■ is a sketch of ma end of the experimental tube. 
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Tie e>ir£ of the inaer reflector fits tightly against the interE- 
s'lrfaoe ct tie tube at x ^ : c J is the diameter of the wide end 
:ie cuter rsiecrcr supposed to be turned towards the *comp^ 
sating cure * situated towards '.* The naked face of the pile- 
is turtted towards the plate of salt, being separated from t3 
latter by a:t interval of about ^th of an inch. The spa-* 
between tic outer surface of the interior reflector and the inm« 
surface c: the experimental tube is filled with fragments « 
fre*h>-rised chloride of calcium, intended to keep the circuxa 
for* ntia* tvrtic:;s of the plate of salt perfectly dry. The flax < 
beat cvrtuuc froui the source C\ being converged upon fcl 
central portion o: the salt* completely chases every trace <■ 
hurcidit* fro:u the surface on which it falls. 

c¥-;t\\*iV* to F*rCoy»w*i o/ Lcndon Air considered. — Radiation 

t\i\**$\ Airfrvm Various Localities. 

With this arrangement I repeated all my former experin* eXlt 
o;i hu»>i *»d dry air. The result was the same as before. 

* 1 V"** w*ww ** i\?vsu*w »"-h bit Us: two memoirs, in which the B* e 



TO AQUEOUS VAPOUR. 129 

<I<i]l of average, humidify the quantity of vapour diffused in 
<ntlv)i air produced upwards of 60 timet the absorption of Ike 

'tf-lf. 

It bad been suggested to me that the air of our laboratory 

g-lit be impure; the suspended carbon particles in a London 

osphere had also been mentioned to me as a possible cause 

■the absorption ascribed to aqueous vapour. With regard 

ttie first objection, I may say that the same results were 

■/Kiiioi.i when the apparatus was removed to a huge room 

distance from the laboratory ; and with regard to the 

■econd cause of doubt, I met it by procuring air from the 

folio-wing places : — 

1. Hyde Park. 

2. Primrose Hill. 

3. Hampstead Heath. 

4. Epsom Race-Course. 

5. A field near Newport, Isle of Wight. 

6. St. Catharine's Down, Isle of Wight. 

7. The sea-beach near Black Gang Chine. 

*«* aqueous vapour if the air from these localities exerted abtorp- 
'm»i» from (JO to 70 times that of the air in which the vapour was 






I then purposely experimented with smoke, by carrying air 
ugh a receiver in which ignited brown paper had been 
nitted to smoulder for a time, and drying it afterwards. 
■t Was easy, of course, in this way to intercept the calorific 
*js ; but, adhering to the lengths of air actually experimented 
***» it was proved that, even when the east wind blown, and pours 
. >f the city upon the West End of London, the heat 
I by the sufjiended carbon particles its but a minute 
fraetinn of that absorbed by the aqueous vapour. 

Further, the air of the laboratory was so well purified that its 
absorption was less than unity ; the purified air was then con- 
ducted through two U-tubes tilled with fragments of clean glass 
moistened with distilled water. Its neutrality when dry proved 
that all prejudicial substances, had been removed from the air; 
: ""1 in passing through the U-tubes it could have contracted 
"otliing save the pure vapour of water. The vapour thus carried 
'"'" 'hr , tperimental tube exerted an absorption 90 times as great 
''■'"■'■ t -f the air which carried it. 
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I have had the pleasure of showing the exTerrizjT~t3 :c iono- 
spheric aqueous vapour to several disrjgg nU>.. sti -yr_ izii ui«:c^ 
others to Professor Magnus. After oj«stLz^ *<r^i :-:nni':a 
undried air, which showed its usual ahs»:-nc&:£. »-' T> - r ■▼ii tie 
undried air remained in the experimental ~~:e. 1 r^m^--: the 
plates of rock-salt from the tube ari nb=me-i tiem ". as 
inspection. They were as dry as roliai=o ruii-.TT-al :r 

polished glass; their polish was nrvv * * z ;j ; ^-.l-?: izd 

a dry handkerchief placed over the ?-? **? *~'- imn juries the 
plates left no trace behind it.* 

Remark, — I would make one additi:-^ rrszuzs: :c tie ib:w 
experiments. A reference to the tLite wiii *m:mz'&zi~& the 
last two memoirs will show tie tiert=?:-e-j=-:rrt«.: zCtt fuz-Iizr. 
with its two conical redactors, it socie irtLe is^Lee ±-ei the 
end of the experimental x'w. Eec:-r. t-: rsii^i tie t_V ifrer i: 
ha*l quitted the tube, the ieat itl t-: t»LS txr.iici i LeE^ri of 
air somewhat greater thin tie le^ci :c tie r*£fc=--T-:r. I: has 
h^en 5 u jested to me tint tie :*±L:rif«: rif? :n;i7 ":•* entirely 
siftol in this interval — tLit iZ n~* !ituile :r ~:mu: lisorwd 
bv air mar c* afceortei iz. tie ?~ Hxi*i n^fr—^zur ":*rrreea the 
experimental nhe xz.»I tie ii:Ti:-=:it i»if :r tie t-ile. I: tha 
w*:r^ thw •:a fc .-e. tien tie ""'- ^ .d tirf tZTrT^ntuzil Tt:e itself 
with. d^T air w-i^ji, tr , :»i~^e z.«: K-nsLiui i-:a»."rr;~'. *i. Tins, it 
was imijL'^ire*!. tie zir r nni~ . f L*—" lit t":--'-i zt— exr^nxenta 
r*:v*Alr*i mi^it he i>:^"t=lt=-1 r"? i-t-L tie L^5rrvn«.e :*tween 
my 4* If an* I PritV^ir Vi-rttj* t-l; cni^ie-I i-i i i*t :et cion of 
12 per o»rzt. :"'.r irj izr. -t~ i •» —:. .ri^r _ ~? •• » ~-i*r j.j~»:tiies:s 
i.4 rlwpos^I .: ty tie 5-zvc . i^r rzrc^^:-r-i3 . ±r ie?f the 

Prflwtor "wh_«:i ieTiLTl'-I "irr T-lr- r* ~ tie TIC** 3UI -CC^er 



intervene, an- 1 :t i-izn-r .v *:■■ ; s~i tiir zt izi ^tsml of 
^-th of an iz.:l :furui> rr~ .: : -i :^r -nt. iis taken 

• TU prwar. 3r^n-»rr .r --^ I! --.-. >' . : - ^.-^s- : 7*r:= .-=-j.:s as 

(Uo muinrum ^rcisir-i ±-Jn ---^i = •=* ^ -=■ T -" "» ■*= ,! ■- , 5•- ~* r-*_ tw 7 s1 
wntjeil «:nt '*if * Jirri uxu.Tia: - :r«t- . -.- -.— -rsir> j? -*-.r "rr^.z. . r :2«r 
h.*»« ft-» l^arin^ on 3x7 r-sr-s, 1; ^.- -_-icr -* -- ^ra. -a-s* *:^..a? 

0A««« are rlrtP-nhed. har.:s -:-^t^ s ^ =» '-i^- *r.iijr«a 



nul ihmk he would oow w»dii» --;«.':- i *s-» X »« ■* -«c=*i- 



TO AQUEOUS VAPOUR. 



131 



', however, a doubt on this point should exist, I can 

I have purposely sent 
?at through an interval 
les of dry air previous 
bing it to enter the ex- 
il tube, and found all 

be the same as when 
had traversed 24 inches 




am. 
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53. 

xtion through Open 
Tubes. 

Irmation of the results 
when the experimental 

stopped by plates of 

the following experi- 
ve been recently made 
be in which no plates 
d. S (fig. 11) is the 
heat, and S T the front 
which in ordinary expe- 
3 kept exhausted. This 
is now left open. A B is 
imental tube, with both 
lso open. P is the ther- 
mic pile, the anterior face 

receives rays from the 
while its posterior sur- 
armed by the rays from 
>ensating cube C. At 
.re two stopcocks — that 
ng connected with an 
>ber bag containing air, 
at at d is connected 
air-pump. 

n in this arrangement 

ntroduce at pleasure, into the portion of the tube 

c and d, dry air. the common laboratory air, or air 
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artificially moistened. The point c, at which the air entered, 
was 18 inches from the source of heat S ; the point d y at which 
the air was withdrawn, was 12 inches from the face of the pile. 
By adopting these dimensions, and thus isolating the central 
portion of the tube, one kind of air may with ease and cer- 
tainty be displaced by another without producing any agita- 
tion either at the source of heat on the one hand, or at the pile 
on the other. 

The tube A B being filled by the common air of the laboratory, 
and the needle of the galvanometer pointing steadily to zero, dry 
air was forced gently from the india-rubber bag through the 
cock c ; the pump was gently worked at the same time, the dry 
air being thus gradually drawn towards d. On the entrance of 
the dry air, the needle commenced to move in a direction 
which showed that a greater quantity of heat was now passing 
through the tube than before. The dry air proved more 
transparent than the common air, and the filial deflection 
thus obtained was 41 degrees. Here the needle stopped, and 
beyond this point it could not be moved by the further entrance 
of drv air. 

Shutting off the india-rubber bag and stopping the action of 
the pump, the apparatus was abandoned to itself; the needle 
returned with great slowness to zero, thus indicating a cor- 
respondingly slow diftusion of the aqueous moisture through 
the dry air within the tube. By working the pump the 
descent of the needle was hastened, and it finally came to retft 
at zero. 

Drv air was again admitted : the needle moved as before, and. 
reached a final limit of 41 degrees; common air was again 
substituted, and the needle descended to zero. 

The tube being filled with the common air of the laboratory 
which was not quite saturated, and the needle pointing to zero? 
air from the india-rubber bag was now forced through two 
U-tulvs tilled with fragments of glass wetted with distilled 
water. The common air was thus displaced by air more fully 
charged with vapour. The needle moved in a direction which 
indicated augmented absorption ; the deflection obtained in this 
w;-v was lo degrees. 

Those experiments have been repeated hundreds of times, and 
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on days widely distant from each other. I have also subjected 
theiri to the criticism of various eminent men, and altered the 
conditions in accordance with their suggestions. The result 
has been invariable. The entrance of each kind of air is always 
accompanied by its characteristic action. The needle is under 
the most complete control, its motions are steady and uniform. 
In short, no experiments hitherto made with solids and liquids are 
more free from caprice, or more certain in their execution, than are 
the foregoing experiments with dry and humid air. 

The quantity of heat absorbed in the above experiments, 
expressed in hundredths of the total radiation, was found by 
screening off one of the sources of heat, and determining the 
full deflection produced by the other and equal source of heat. 
By a careful calibration, repeatedly verified, this deflection was 
proved to correspond to 1,200 units of heat — the unit being, as 
before, the quantity of heat necessary to move the needle of the 

galvanometer from 0° to 1°. According to the same standard, 

a deflection of 41° corresponds to an absorption of 50 units. 

From these data we immediately calculate the number of rays 

per hundred absorbed by the aqueous vapour. 

1200 : 100-50 : 42. 

An absorption of 4*2 per cent, was therefore effected by the 
atmospheric vapour which occupied the tube between the points 
c anci d. Air perfectly saturated on the day in question gave an 
absorption of 5£ per cent. 



§4. 

Rwttalion through Closed Tubes. — The Quantity of Heat absorbed 
proportional to the Quantity of Humid Air. 

These results were obtained in the month of September, and 
on the 27th of October I determined the absorption of aqueous 
vapour w ith the same tube when stopped with plates of rock- 
^k Three successive experiments gave the deflections pro- 
duced by the aqueous vapour as 46*6°, 46-4°, 46-8°. Of this 
concurrent character are all the experiments on the aqueous 
vapour of the air. The absorption corresponding to the mean 
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3-£^i:*ihereise$. The total ndntkntbroogh the exhaled 
•^ :e was on this daj 1085 ; henee we hare 

-v*: is to sit. the absorption of the aqueous vapour of the air 
^-n^iir^i in a tube 4 feet long, was on this day 6 per cent of 
-3e total radiation. 

Tbe tele employed in these experiments was of bras, 
.^oLisced within ; and it was suggested to me that the Tapotn 
^t tbe moist air might hare precipitated itself on the interim 
<^:r£*vV of the tube, thus diminishing its reflective power 
£2*1 prvxlncing an eflect apparently the same as absorption. 
i~ revly to this objection, I would remark that the air on 
tr.T of the days on which the experiments were made was at 
£> per cent! under its point of saturation. It can hardly 
V sutwsrf that air in this condition would deposit its vapour 
^va ^ polished metallic surface, against which, moreover, tlw 
<-^y$ rrvsu the sooree of heat were impinging. More than tto> 
; v^ *N*>rptH>n was exerted even when only a small fraction of 
a* drtaKwhere w * s made use of, and found to be proportional 
. v : ^> ^-juititv of atmospheric vapour present in the tube. The 
; : .;^*v.*£ table shows the absorptions of humid air at pressures 
\ar* -^ tVvm 2> to SO inches : — 
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>; x ai ovvuiuu hew is ealenlated on the assumption that ***' 

. Ax -.,su within the limits of the experiment, is sensibly p** 3 

■,„•: a* tV ^uAutity of vapour in the tube. The agreeing* 

-. >vo*.^n \* alwoet perfect. J* cannot be supposed tf* A 

x vv «y^iV ** ***** *$rt*in$ *> completely untk th(?' 

*.;* m^i;; {«j«Mitf o/ other vapour*, and even m* 

.%••:♦,* v* lW f^rm^nent <mk*. can be due to the eof* 

■ v>*v** %** *•*** surface of t\e t*b*+ When 5 inch^ 

» -V *u^* \i h*d lees than one-sixth of the quantity kP 
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vapour necessary to saturate the space. Condensation under 
these circumstances is not to be assumed, and more especially 
a condensation which should produce such regular effects as 
those above recorded. 



§5. 
Radiation through the Open Air. 

The subject, however, is so important that I thought it worth 
while to make the following additional experiments : — 
C (fig. 12) is a cube of boiling water, intended for our source 



£\ 




Fig. 12. 
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of heat ; T is a hollow brass cylinder, 3*5 inches in diameter and 

<*5 inches in depth; P is the thermo-electric pile, and C the 

compensating cube ; S is an adjusting screen, used to regulate 

the amount of heat falling on the posterior surface of the pile. 

■"te apparatus was entirely surrounded by boards, the space 

Within being divided by tin screens into compartments which 

*ere loosely stuffed with paper or horsehair. The formation of 

air-cnrrents near the cube or the pile was thus prevented, and 

irregular motions of the external air were intercepted. A roof, 

moreover, was bent over the pile, and this was flanked by sheets 

of tin. The action here sought I knew must be small, and 

hence the necessity of excluding every disturbing influence. 



^ 
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The cylinder T was first filled with fragments of quartz moist- 
ened with distilled water. A rose burner r was placed at the 
bottom of the cylinder, and from it the tube t led to a bag con- 
taining air. The bag being subjected to gentle pressure, the 
air passed upwards amid the fragments of quartz, imbibing 
moisture from them, and finally discharged itself in the open 
space between the cube C and the pile. The needle moved and 
assumed a permanent deflection of 5 degrees, indicating that 
the opacity of the intervening space to the rays of heat was 
augmented by the discharge of the saturated air. 

The moist quartz fragments were now removed, and the vessel 
Y was filled with fragments of the chloride of calcium. The rose 
burner being, as before, connected with the india-rubber bag, 
air was gently forced up among the calcium fragments and 
discharged in front of the pile. The needle moved and assumed 
a permanent deflection of 10 degrees, indicating that the trans- 
parency of the space between the pile and source of heat was 
augmented by the presence of the dry air. By timing the 
discharges the swing of the needle could be augmented to 20 
degrees. Repetition showed no deviation from this result : the 
saturated air always augmented the opacity, and the dry air 
always augmented the transparency of the space between the 
source of heat and the pile. 



TO AQUEOUS VAPOUB. 137 

§«. 

\ppUention of Remit* to Meteorology— Tropical Rains — Cumuli — 
Coti'lrnmfian bni\Ioui!t<ti}ix — Temperatures <it Great Elevations — 
Wkennomelric Range in Australia, Tibet, and Sahara — Leslie's 
ObtavattoM — Melloni on Serein. 

The power of aqueous vapour being thus established, meteoro- 
ogists may, I think, apply the result without fear. That 10 
per cent, of the entire terrestrial radiation is absorbed by the 
aqueous vapour which exists within ten feet of the earth's 
surface on a day of average humidity, is a moderate estimate. 
In warm weather and air approaching to saturation, the absorp- 
tion would probably be considerably greater. This single fact 
at once suggests the importance of the established action as 
regards meteorology. I am persuaded that by means of it 
many difficulties will be solved, and many familiar effects, which 
we pass over without sufficient scrutiny because they are 
familiar, will have a novel interest attached to them by their 
connexion with the action of aqueous vapour on radiant heat. 
^ hUe leaving these applications to be made in all their fulness 
by meteorologists, I would refer, by way of illustration, to one 
or two points on which the experiments seem to bear. 

-And first it is to be remarked that the vapour which absorbs 
e atthus greedily radiates it very copiously. This fact must, 
think, come powerfully into play in the tropical region of 
*-l oia, where enormous quantities of vapour are raised by the 
U Q, and discharged in deluges upon the earth. These have been 
^signed to the chilling consequent on the rarefaction of the 
^cending air. But if we consider the amount of heat liberated 
111 the formation of those falling torrents, the chilling due to 
'^-T'efaction will hardly account for the entire precipitation. The 
6t *l»Etance quits the earth as vapour, it returns to it as water ; 
" rj W has the latent heat of the vapour been disposed of? It has 
la great part, I think, been radiated into space. But the radia- 
Il '->»i which disposes of such enormous quantities of heat subse- 
losdensation, is competent, in some measure at least, 
to dispose of the heat possessed prior to condensation, and must 
•^wfore hasten the act of condensation itself. 
qnteni vapour is a powerful radiant, but it is an equally 



I 



•-■IT 



E-u>:a_vt heat 



• -■'■' ^"wnr !*»«■ is a maximum «ta 
: ' "'-' :: w«po=rlfke itself. Hence, 

--r : -m :ae equatorial ocean and ascend* 
. - *■> :: a screen of its owa substance, into 

" ri: ' "" b - T wLich ti«t he-at is intercepted 
"— . -Nation in the lower region, d 

.^, T prevented. But as the mass ascend* 
... .*™ vapour-strata, which Snaohevba* 

■ ^ anally our ascending b->ir of ^ 
, •> m* screen which f or a ^ r>r J^ 

, r^.y into space, and condens^n is fee 
,,. The heat liberated by condensation i* 

• ^'"l * T 8 ttnB %'^ofit^ 

- ---* 1° the earth «« water. To wha . t 

. w- of aqueous vapour as a radian: corner 

:r r ^condensation, I will not now -^ 5 

^raJ in producing the torrents which are 
ijT tropics. 

. .: :.:r to the formation of cumuli in oar 

-"* lhe r heads of columns of rapoxi- 
. - ; , surface and are condensed » oUd 

7:.-> the visible cloud forms the car-itaJ 
* - ,^:ed air. Certainly the top of the 
„. , raponr which hugs the earth, and 

■ • -* : ^ e heat b - T the radiation from its 

- -: ** should have the necessity for , 
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>: chilling effects of radiation. 
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>.,- work performed by the expa»> 
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N ..*. >v radiation into space. Duri*^ 
.* v v.vuntains themselves also lc»^ e 
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lvv ; take into account the fact th^" 1 
insistent throughout its thre ** 
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bates of exaggeration. As vapour it loses its lieat and promotes 
condensation ; as water it loses its heat and promotes congela- 
tion ; as snow it loses its heat and renders the surfaces on which 
it rests more powerful refrigerators than they would otherwise 
l». The formation of a cloud before the air which contains it 
touchy a cold mountain, and indeed the formation of a cloud 
Wy where over a cold tract of land, where the cloud is caused by 
ft cold of the tract, is due to the radiation from the aqueous 
our. The uniformly diffused fog which sometimes tills the 
atmosphere in still weather may be due to cold generated by 
Uniform radiation throughout the mass, and not to the mixture 
of currents of different temperatures. The cloud by which the 
track of the Kile and Ganges (and sometimes the rivers of our 
own country) may be followed on a clear morning is, I believe, 
due to the chilling of the saturated air above the river by 
ation from its vapour. 
Observation proves the radiation to augment as we ascend a 
■otintain, Martins and Bravais, for example, found the lower- 
ngT of a radiation-thermometer 5 - 7° C. at Chamouni ; while 
nthe Graud Plateau, under the same conditions, it was 13 - 4° 
'* The following remarkable passage from Hooter's ' Hiuia- 
aj&n Journals,' 1st edit. vol. ii. p. 407, bears directly upon this 
Mint: ' From a multitude of desultory observations I conclude 
that, at 7,400 feet, 125-7° or 67° above the temperature of the 
. is the average maximum effect of the sun's rays on a black- 

' thermometer These results, though greatly above 

3 obtained at Calcutta, are not much, if at all, above what 
na J" he observed on the plains of India [because of the dryness 
01 the air. — J. T.]. The effect is much increased with the ele- 
ction. At 10,000 feet, in December, at 9 a.m. I saw the mer- 
r mount to 132" [in the sun], with a difference [above the 
■haded air] of 94°, while the temperature of shaded snow hard 
ty v*aa 22*. At 13,100 feet, in January, at 9 a.m. it has stood 
ith a difference of 68-2", and at 10 a.m. at 114°, with 
'difference of 81 - 4°, whilst the radiating thermometer onthe gnow 
**t fallen at gunrise to 0'7V This enormous chilling is fully 
Counted for by the absence of aqueous vapour overhead. I 
• nnder any circumstances suffered so much from heat 
descending on a sunny day from the Corridor to the 
Lateau of Mont Blanc. The air was perfectly still, and 
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of vapour is consistent with a transparent atmosphere. The 
purity really consists in the absence of aqueous vapour from 
those so-called rainless districts, which, when the sun is with- 
drawn, enables the hot surface of the earth to run speedily down 
to a freezing temperature. 

On the most serene days the atmosphere may be charged with 
vapour ; in the Alps, for example, it often happens that skies 
of extraordinary clearness are the harbingers of rain. On such 
days, no matter how pure the air may seem to the eye, terrestrial 
radiation is arrested. And here we have the simple explanation 
of an interesting fact noticed by Sir John Leslie, which has 
remained without explanation up to the present time. This 
eminent experimenter devised a modification of his differential 
thermometer, which he called an JEthrioscope. The instrument 
consisted of two bulbs united by a vertical tube, of a bore small 
enough to retain a little liquid index by its own adhesion. The 
lower bulb was protected by a metallic coating ; the upper or 
sentient bulb was blackened, and was placed in. a polished 
metal cup, which protected it completely from terrestrial 
radiation. 

' This instrument/ says its inventor, € will at all times 
daring the day and night indicate an impression of cold shot 

downwards from the higher regions But the cause of 

its variations does not always appear so obvious. . Under a 
fine blue sky the JEthrioscope will sometimes indicate a cold of 
50 millesimal degrees ; yet on other days, wlten the air is equally 
bight, the effect is hardly 30V It is, I think, certain that these 
anomalies were due to differences in the amount of aqueous 
vapour in the air, which escaped the sense of vision. Iudeed, 
Leslie himself connects the effect with aqueous vapour by the 
following remark : * The pressure [? presence] of hygrometric 
moisture in the air probably affects the indications of the 
instrument.' In fact, the absence or presence of vapour opened 
0r closed an invisible door for radiation from the 'sentient 
wlb ' into space. 

The following observation in reference to radiation-experi- 
ments with Pouillet's pyrheliometer, now also receives its 
explanation. ' In making such experiments,' says M. Schlag- 
intweit, ' deviations in the transparency are often recognised 
which are totally inappreciable to the telescope or the naked 
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:a announce themselves in the presence I 
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•ssi_- on dew, Wells gives the true eiplana- 

• i.: - : ice in India, by ascribing the effect to 

*. -werer, his theory needs supplementing. 

.•. -temperature in England as at Benares, 

r-vT weather, obtain a sufficient fell of tern- 

. . - - - I think not. The interception of the 

_r : i=aiJ air would too much retard the cWL 

* .. -^r descriptions of the process, that adrj 
. ^ u-. arable for the formation of the ice. 

> vraied in greatest abundance are those 
-* r.ot copious. The flat pans used in 
. n dry straw, and if the straw become 
.->:. Wells accounts for this by saying 
> ■•icrv dense than the dry, and hence 
.. ^- - jw-.it from the earth to the basins. 
. r« explanation ; a better one seems to 
- !. :L.e moist straw, by throwing over 
w -* vapour, checks the radiation 

.■::vr • On the Nocturnal Radiation 

- \" < -. -:"n, an excessively fine rain 

•: - sky a few moments after sunset. 

^ ■ .\ : \ c : Iiis effect to the cold resulting 

. . .: :-^nne season, immediately on 

■- ./ writes Melloni, « as no fact 

x . , . ■ :w.s the emissive power of pure 

^ v ■ rs :o me more conformable to 

• * :o attribute this species of 

. -.: condensation of a thin veil 

■v.^li the higher strata of the 

:c.-c power of aqueous vapour 

experienced by. Melloni dis- 

V.cwer, though probably 

.-Vx .- v.uUation, was incorrect in 
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that this newly discovered 
formation of hail. The 
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vaguest theories are afloat upon this subject. But 
tion which produces semn must, if augmented, freeze 
rain, and the aggregation of the small particles thus 
d form hail. Many kinds of hail that I have had an 

of examining could not be due to the freezing of 
ter, each hailstone being merely the ice of the drop. 
\ ' are granular aggregates, the components of which 
•duced by the chill of radiation. I will not, how- 
further on this subject, but will now commit the 
bion to those who are more specially qualified for its 
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ANALYSIS OF MEMOIR IV. 

• 
Wira Professor Magnus's visit to London, I thought the points of difference 
between us settled. The experiment with the open tube bad evidently im- 
pressed him, and, with a view to repeating it, on his return to Berlin, he 
mounted an apparatus similar to mine. ' The result of this experiment/ he says, 
* was so surprising, and so little in accordance with what I had found by other 
processes, that when I reached home I determined to repeat it.' He describes, 
his apparatus and mode of using it, and thus states his results : — ' With thia^ 
arrangement I got, on allowing dry or moist air to flow through the tube^ 
deflections of the galvanometer which corresponded to those described by Prcw* 
feasor Tyndall. But I did not always get them ; and what particularly surprise} 
me was that the deflection of the needle did not correspond to an absorption o/ 
heat by its passage through moist air, but that, on the contrary, when tbe 
moift air was passed through the tube, the face of the pile turned towards the 
tube was found to be most heated. In order to clear up the already mentioned 
uncertainty of the experiment, I have repeated the blowing in of dry and moist 
air many hundred times ; but in no single case was the deflection such as to 
indicate a greater absorption by moist air.' { 

' It would be out of place,* he continues, ' to relate the numerous experiments 
which were undertaken, partly in order to make myself master of the phenomena, 
and partly in order to explain the surprising contradiction between my results 
and the conclusions which Professor Tyndall has drawn from his experiments. 
1 found, in the first place, that the deflection took place only when the air was 
driven in with a certain amount of force. It was found, further, that when the 
air was pressed in continuously, the deflection of the galvanometer was not 
maintained constant, but that the instrument gradually returned to its position 
of equilibrium. Hence it resulted that the air did not cause the deflections by 
absorption. 1 su>pected that possibly moisture might be condensed on tbe in- 
ternal surface, of the tube, and that the heating effect might be thus produced ; 
but this supposition was likewise found to be erroneous. It appears, on tbe 
other hand, that the phenomenon is caused by the absorption which takes place 
at the surface of the pile itself.' 

1'rofemor Magnus then proves in the most satisfactory manner that the 
deflection* observed in his ejrperiment* were wholly due to the condensation of 
the aqueous vapour of the moist air on the surface of his pile, and its subse- 
quent evaporation by dry air. ' We see/ he continues, 'by these results, bow 
little tit tod air is, while in motion, for experiments as to its power of absorption f 

Had l*rofcwor Magnus allowed himself the time requisite for testing I 1 
would not, I am persuaded, have offered this solution of the differences 
hot ween u*, 'Air in motion,* employed as long experience has t° 
employ it, yielded at the time here referred to perfectly certain 
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r mn Ibese results, as supposed by Professor Magnu.-, fopendatJ 
n *nj Bcci dent as to (lie d intensions of the apparatus. 

puMgefl in thoM memoir* show bow fatal lo accuracy I regarded 
: aii oi my niii.-i' ga* into contact either with the mirocof 
-it or with the inHkee of the pile ; it was not therefore likely that in the 
it i:i\- eye* ti so obvious a source or emu-, [p 
r IIL (page H3| I actually referred to it. Special experiments, more- 
id assured idb tliat no sir from the experimental tube came near the 
Qt] mil iii a thousand trials I never liitd. the slightest difficulty in obtaining 
introverted by the foregoing experiments. They were perfectly 
B, cloffly concurrent, and always attainable. Nevertheless, on o-.-hi_- 
.:. bub's paper I went once more over the ground, and verified nil 
aj fanner ■-[ ■ ■"■ 

me, I could not add to my own certainly, and as the evidence of no 

!ii"d di'sirahle, I handed over the whole apparatus to 

BtFrtnkknd, who minutely tested every point involved in, ot arising oul of, the 

I 1 !' 'lessor Magnus, He showed that the source of error signalised 

•Ion had nothing to do with my experiments, making it evident that its in- 

ould only arise from instrumental defects. Professor 1-Yankls.nd , 
tpMrns his conclosions in these words: — 'After n careful scrutiny, I have 
turntable to detect any source of fallacy in these experiments; they there- 
W appear to me to prove conclusively that obscure radiant heat passes much 
"to readily through dry than through moist air. Iu conclusion, I canoot but 
ttprsss my surprise and admiration at the precision and sharpness of the indi- 
•fotu of your apparatus. Without having actunlly worked with it I should 
White thought It possible to obtain these qualities in so high a degree in 
sanations of such extreme delicacy, and which are so well known to be 
"[Mead (o numerous sources of derangement.' * 

la the concluding portion of this memoir the effect of brinping the gases 
Into contact with the eouTce of heat is brielly considered, nnd the effect of 
(Mart with t|,e pile is more fully developed. It is shown that deflections the 
■sale in kind us those wliii-h 1'i-ofe-sni- Magnus ascribes to absorption, must 
•IfnAtugl bu the contact of the uir whether tit tt mperaturc be higher or lower 
ft** Oat of the pile. 

Ik lis! nibimee arising from the dynamic heating of the air, and of all strr- 
bo* igniust which it iuipingea, is also dwelt upon and illustrated. 

. i unicntion of Professor MngntlS above cited, n remark occurs which 

! if explanation. ' liesides the defect,' be writes, * arising from the 

bjpwcpc character of the rock-salt plates, Professor Tyndall's method labours 



n busied in PoggaDdarlTe Annate*, and translated in the 
xivii. p. !4!>, Pnftnor Mnpius thus s[B'nki of FnnkllRd'l 

ill has had Ms experiments repented by lir. Frankland, in order, 
T\ la urove ihat he hud not mistaken cold for hot and hut fur cold. Such a cun- 
»•*•, in my npiiimn, unnecessary I have nni implied an error of that kind, but 
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under another difficulty. . . . The value obtained for dry air formed the unit 
for tho determination of the other gases, nil of which ware compared ' 
Mine way with the vacuum. Therefore the smaller the difference between tho 
drj atmospheric air nod the vacuum, the greater the apparent absorptive pww 
of the other gases. Hence-, if this difference were to he equal to nothing, tho 
absorption of the other gases would come out infinitely great' 

I would ask it to be remembered that my object in these inquiries to not 
to follow the track of my eminent predecessor*, who made radiant belt the 
primary object of their thoughts, but rather to employ radiant bent as sneiplorer 
of molecular condition. What I aimed at specially in these first memoirs wu to 
bring clearly into Tiew the astonishing change iu the relations of the lumioife- 
rous Kther accompanying the Oct of chemical combination. I wanted tn »how 
the phytical significance of an atomic theory which had Wen founded on purely 
chemical considerations. By making the substance of feeblest actiuo my 
standard, and referring all the others to it, this purpose was carried out b the 
most direct and simple way. My tables, in fact, resemble those of the atomic 
weights, in which hydrogen, the lightest atom, ii employed as a standard. 
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ON THE PASSAGE OF RADIANT HEAT THROUGH 
DRY AND HUMID ALR.» 

is known to the reader that Professor Magnus and 
if have arrived at different conclusions regarding tbe 
dry air, and of the aqueous vapour diffused through- 
it our atmosphere, on radiant heat. Last autumn. I had 
Jie pleasure of meeting my eminent friend in London ; and 
oon after hia arrival it was agreed upon between us to 
"bject the points on which we differed to a searching ex- 
ttnaation. We accordingly met on several occasions in the 
iboratory of the Royal Institution, where every result that 
lad previously announced was reproduced in the presence 
F Professor Magnus. Facts were placed before him which he 
rofessed his inability to explain ; but, like a cautious philo- 
>her, he reserved his opinion. It was, however, proved that 
results observed by us in common could not be ascribed 
:t of method or error of observation which it was 
rible to point out. I wished very much to subject the 
recent experiments of Professor Magnus to a similar 
■mination, and he evinced an equal desire to show them to 
oe. He began his arrangements, but it was not my good 
ortune to see them accomplished. In fact, coming to London 
B a visitor to the International Exhibition, the numerous other 
aims upon his time and attention were amply sufficient to 
'Wrent him from carrying out his own wishes and gratifying 
"Sue. 
Io the latest number of Poggendorff's ' Annalen,' Professor 
*gnusuas published a paper 'On the Diathermancy of Dry 
*d Moist Air,' a translation of which is printed in the 

• Philotophlcal Alagarine, Julj 1363. 
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issue. I mounted the apparatus, and left it entirely in 
bands ; and he lias favoured me with the following account 
his observations : — 

' My deab Tyndali,, — At your request I have made 

number of experiments on the comparative transcalency < 

common air, and of air deprived of its moisture by contact wi t- - ; 
monohydrated sulphuric acid. The apparatus which I 
that described by you in the 'Philosophical Transactions' fc^> 
December 1862. It was exclusively under my own contro-1 
and I arranged the details of manipulation in such a manner a * ■ 
appeared to me best calculated to eliminate all sources of error. 
My mode of operating was as follows:— The brass tube op-en 
at both ends, formed the conduit l'or a portion of the tbunnai 
radiation from the source of heat. These heat-rays, tftMC 
passing through the tube, traversed several inches of u 
ing air-space before entering the cone of the tflenno-eleflbia 
pile, where they produced tbeir effect, in opposition to that 
arising from another constant source of heat affecting th» 
opposite face of the pile (the compensating cube). The dif- 
ferential action was indicated as usual by a delicate galvano- 
meter. These arrangements being once for all made, I wsfl 
able by means of an air-pump to introduce at pleasure into the 
tube either the ordinary air of the laboratory, dry 
rendered moist by passage over extensive surfaces of wet gli 
At the commencement of the experiments the tube was of cot 
full of the common air of the laboratory ; the needle of the 
vanometer marked 42°, and remained steady for a quarter 
an hour within a degree of that point. I now interposed in 
path of the rays entering the brass tube a sheet of tin-plate ; 
needle at once bounded from 42° up to 90°. It was thus evidi 
that any obstruction to the passage of the rajs of het 
the tube, or, in other words, any cooling of that face 
which was turned towards the tube, would be indicated by 
increased deflection of the needle on the same side of zero, whii 
I, will call the — side, whilst a heating.of the same I 
pile would be attended by a diminished deflection, ■ ■■ 
a phssage of the needle to the opposite or + side of zero. 
following are the results which I observed :— 



■ 
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Common air 

Air dried by contact will] monohydraled nulpliuric aciil Bud intro- I 

duced gently into the open tube J 

Common air which hod spontaneously displaced the foregoing 1 

dry air J 

Common air gently drawn in by air-pump 

Common nir pr-ntly blown in from cnoutdiauc bag .... 
Same nir gently blown in from caoutchouc bag, but dried by passage \ 

oreraulphnric acid i 

Air from same bilg, lint not dried 

Air of laboratory . 

JifT dried and introduced n* before 

AJr dried as before with sulphuric acid, but ufterwarda pusacd 1 

OTer fragments of glaas moistened n-ith water ... J 
r gently drawn in by air-pump ..... 



At Uie conclusion of the experiments I found that the 
deflection due to the total radiation waa 8fi*-2, 

I also saw the following experiments made by yourself when 
he ends of the brasB tube were closed by plates of rock-salt; — 



Tula filled with dry nir . ■ . . + 7 
After exhaustion of lube, . - 3 

After admisaiou of laboratory air . — *2 

was falling at the time these last determinations ^ere 
and the air was very moist. On removing the plates of 
It from the tube they appeared to be quite dry; and 
being breathed upon, the film of moisture soon disappeared 
id they recovered their previous lustre. I ought perhaps to 
ention that these experiments are not selected, they are the 
ily ones I have made upon the subject, and they were per- 
>rmed in the sequence given above: after a very careful scrutiny 
have been nnable to detect any source of fallacy in them, and 
ley therefore appear to me to prove conclusively that obscure 
iant heat passes much more readily through dry than through 
ist air. 

In conclusion, I cannot but express my surprise and admi- 
ration at the precision and sharpness of the indications of your 
apparatus. Without having actually worked with it I should 
not have thought it possible to obtain these qualities in so high 
a degree in determinations of such extreme delicacy, and vt 
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are so well known to be exposed to numerous sources of de- 
rangement. 



' Believe me, touts Terr truly, 

■E. FbasklaSB. 



* P.S. — Since writing the foregoing letter, I have repeated the 
experiments there recorded without any source of heat at either 
end of the pile, in order to ascertain whether the introduction 
and withdrawal of dry air at all affected the nbanometA 
The tube was first full of the common air of the laboratory and 
the needle remained steadily at +12'5 for a quarter of un honr. 
A current of moistened air was now drawn through the tube 
for ten minutes in precisely the same manner as when the two 
Bources of beat were employed, the needle being closely watched 
during the whole time. It oscillated between +12 and +13, 
but never passed these limits on either side. The current wu 
now interrupted and the needle closely watched for five minutes; 
it remained perfectly steady at 12'5. A current of dried air 
was now conveyed through the tube for ten minutes ; the needle 
oscillated as before betwee'h 12" and 13°. 

' Thus far I operated on the air exactly as in the experiments | 
recorded in the foregoing letter. I then quadrupled the Telo- 
city jof the current through the tube, introducing in tbe firs* 
place dry air: the needle in a first experiment moved degree* 
in the direction of cold ; but on repeating the experiment wi" 1 
both dry and moist air no effect whatever was produced. 
now removed tbe tube and delivered a gentle current of <3**1 
air into the cone of the pile ; immediately tbe needle moved tf^ 
in the direction of cold. The current was continued unint^^ 
ruptedly for ten minutes, during which time the needle graduaJ^^ 
returned to nearly ita original position. The current of dry a— ^ 
being now stopped, tbe needle moved 40° in tbe direction c^ 
heat, returning again gradually and slowly to its normal 
position. The same temporary deflection for heat was als* 1 
produced in an exalted degree when the dry current was*" 
immediately succeeded by a moist one. 

• These supplementary experiments lead xae to tbe following**! 
conclusions t — 

'1st. The gentle currents of air which were caused to flow 
through the tube in the experiments detailed in my letter did 
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not in any way disturb the results of those experiments, neither 
would they have dune so in any material degree even had their 
velocity been quadrupled. 

' 2ndly, The impact of air drier than that previously in contact 
with the pile cools that face of the instrument with which it 
comes in contact, whilst the like impact of moister air produces 
iie opposite effect. 

* 3rdly. It is, however, impossible to confound the effects 
obtained in the above experiments on transcaleney with those 
iroduced by the impact of dry and moist air upon the face of 
iie pile, because in the first place the former are permanent, 
whilst the latter are essentially transitory ; and in the second 
)lace the deflections due to the impact of dry or moist air 
against the face of the pile are always in the opposite direction 
to those obtained by the interposition of the same kind of air 
u the path of radiaut heat. Thus, if the heat-rays falling upon 
one face of the pile be made to traverse dry air, the needle will 
move in the direction of heat, but if the apparatus be so 

F arranged as to cause the dry air to impinge upon the face of 
the pile, the effect due to the greater trauscalency of the dry 
air would be at first more or less neutralized, or even altogether 
overborne, by the cooling influence due to evaporation at the 
rface of the pile so brought into contact with dry air. — E. F. 
lio jul Inntitntion, 
Jniieao, 1863.' 
In my remarks on the experiments of Professor Magnus, 
I had pointed out two sources of error in the method 
T.i.i. I. tie employed. One of these was the bringing of the 
■ j be examined into direct contact with his source of 
beat : mid the other was the bringing of the same gas into 
ict contact with the face of his thermo-electric pile. In his 
p;iper he urges, in reference to the first point, that my 
ections do not apply to his apparatus, because in it the 
'lumn of air is heated at the top. This argument would be 
ictly valid if the heat could be applied with perfect uniformity 
a perfectly horizontal plane, but in practice such perfection 
not attainable. The top of Professor Magnus's recipient is 
dome-shaped, even where it is in perfect contact with the source 
heat, while beyond the limits of this contact — that is to say, 
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down the rides of the recipient — it is propagated more or less 
by conduction. Indeed Professor Magnus himself states that t 
portion of the heat effective in his experiments is derived from 
the glass thus warmed. ' The heating of the thermometer,' he 
writes, ' although due only to conduction and radiation, involves 
a very complicated process. Besides the direct heating through 
conduction and radiation, reflexion also takes place at the inner 
surface of the vessel. Further, Uie portion* of the surface adja- 
cent to the vessel of boiling water are heated by conduction, and 
also radiate heat against the thermometer.' * I have italicised 
the most important part of the passage. Now air in contact 
with such a surface is substantially in the same condition as in 
my front chamber, and such air, as I have shown, must more or 
less diminish the temperature of the surface exposed to it If 
Professor Magnus fails to detect this with his new apparatus, it 
can, I think, only be due to its lack of the requisite delicacy. 
Without the actual numbers no safe opinion cau be formed upon 
this point ; the probability is that his total heat is so small that 
the lowering of the temperature of his source of heat by the 
admission of air into contact with it becomes infinitesimal. 

An important difference between Professor Magnus and 
me consists in the high absorptive power which he ascribes to 
dry air. His absorption, in fact, is more than 140 times mine. 
I would here bespeak the reader's attention to an examination 
of the conditions in which Professor Magnus places his instru- 
ments. From his last figure, and also from a passage of hi* 
paper, it is to be inferred that in. his recent experiments the air ha' 
free access to the two faces of his pile, the axis of which * 
vertical. The upper face is furnished with a conical reflector, 
while the lower one is provided with one of the cylindrical tu*** 
which usually accompany the instrument. It will repay us w 
reflect for a moment on the processes involved in this arran ^" 
ment; Professor Magnus keeps the space which contains his (?-* 
at a. constant temperature of 15° C. Let us suppose the two fa"^ 
of his pile to be at the same temperature, the radiation from ^* 
source being suspended, and the space around the pile a vacuu -^ 
Suppose, in the first instance, the temperature of the air outsi ■* 
fan bt lower than that of the pile, that the pile, in other words, 
a warm body in comparison with the air ; what v 

* r^ggwoJurCTi JnHalrit, vol. ciii, p. £14. 
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of admitting the air into the vessel ? * Manifestly on the upper 
face of the pile will rest a column of air, heated at its bottom 
by the surface on which it rests ; convection will immediately set 
mi. :hm1 beat will be continually abstracted from the face of the 
pile. At the lower face, on the contrary, an equal abstraction 
ike place; for the air once warmed remains in con- 
tact with the face of the pile, convection here being almost nil. 
Thus a less amount of heat is abstracted from the lower than 
from the upper face of the pile, and hence the instrument, 
which before the entrance of the cool air produced no current, 
must, in virtue of the different action of this air on its 
two opposite faces, generate a current similar to what would be 
produced by the direct heating of the lower face of the pile. 

A moment's reflexion suffices to prove that precisely the 
same deflection is obtained when the external air is hotter than 
the pile. Supposing, as before, the temperature of both faces 
to be the same at the commencement, the ueedle of the asso- 
ciated galvanometer being at zero. When the warm air enters 
it ia chilled by the upper face of the pile, contracts, and remains 
10 contact with that face, forming in fact a pool of heavy air at 
"ie bottom of the reflector. The air chilled by the opposite 
■see of the pile falls by its weight ; its place being supplied by 
fosu warm air. It is therefore evident that the lower face of the 
Ne will in this case be more heated by the air than the upper 
° n e; and hence we infer that whether the external air be colder 
tban the pile, or hotter than the pile, the same gal va no metric 
™ect follows its introduction into the vessel. 

instead of supposing the pile to be in the first place of uniform 
,e, nperatiire, let us imagine it exposed to the radiation from the 
^irce of heat. This makes the upper face warmer than the 
"Oder one, and produces a deflection commensurate with the 
du 3erence of temperature of the two faces. Let air now enter : 
is manifest from the foregoing analysis that, whether 
t «U air is colder than the pile or hotter, its effect will be to 
* e Hder the lower face relatively warmer, and thus to diminish 
^Js deflection. If, moreover, the air be of the exact tempera- 
t '"-f; of the upper face, it will warm the under one; if of the 
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exact temperature of the under face it will chill the upper on ** e * 
If its temperature be the mean temperature of the mass of tt— vft 
pile, it will chill the upper face and warm the lower one at tl^~ 1C 
same time. No matter, then, what the temperature of the a^ \ 
may be when it enters the vessel, the effect of its contact with t) 
pile is to diminish the deflection due to the radiation from the sourt 
of heat, and thus produce the same galvanometric effect as a 
absorption. How Professor Magnus releases his pile from thMzr i 
apparently inevitable action he does not inform us ; and ho*- — w 
he can distinguish between this effect, in which absorption ha^-i$ 
absolutely nothing to do, and one of real absorption, I am at a 
loss to imagine. 

His apparatus will enable him to make this experiment in a 
far more unexceptionable manner. Let him place a second pla~~fe 
of salt across his tube immediately above his pile, and thus 
isolate it from the air which he intends to examine. He will then 
obtain the almost pure effect of radiation. Professor Magifus has 
actually made this experiment, and the result, expressed in his 
own words, is * a hardly perceptible difference between dry air 
and a vacuum/ 

It is scarcely necessary to repeat what I have already stated 
regarding the dynamic heating of the pile when the air enters. 
Professor Magnus never once refers to this effect, though he 
does refer, for the first time, in his last paper to the chilling 
consequent on pumping out. Had his apparatus been suffi- 
ciently delicate, the effect to which I refer must have long 
ago attracted his attention. Some conception of its mag- 
nitude may be formed from the following quotation from a 
paper laid before the Royal Society on the 18th of this month: — 

' A brass tube 3 feet long and very slightly tarnished within -J 
was used for dynamic radiation. Dry air on entering the tube ^ 
produced a deflection of 12 degrees. The tube was then polished 
within and the experiment repeated : the deflection by dry ail 
was instantly reduced to 7*5 degrees. 

* The rock-salt plate at the end of this tube was removed, an< 
a lining of black paper 2 feet long was introduced within 
The tube was again closed, and the experiment of allowing dr^ — 
air to enter it was repeated. The deflections in three successiv 
experiments rose from 7*5° to 

80°, 81°, 80°, 
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and this result might be obtained as long as the lining was per- 
mitted to remain within the tube. 

' The plate of rock-salt was again removed, and the length of 
the lining was reduced to a foot ; the dynamic radiation on the 
entrance of dry air produced in three successive experiments 
the deflections 

76°, 74°, 75°. 

' The plate was again removed and the lining reduced to three 
inches in length ; the deflections obtained in two successive ex- 
periments were 

66°, 65°. 

i Finally, the lining was reduced to a ring only 1\ inch in 
width ; the dynamic radiation from this small surface gave, in 
three successive trials, the deflections 

60°, 56°, 565°. 

' The lining was then entirely removed ; and the deflection 

instantly fell to 

7-5°. 

€ In the foregoing experiments the lining was first heated by 

the collision of the air, and it then radiated its heat through a 

thick plate of rock-salt against the pile. The effect of the heat 

was enfeebled by distance, by reflexion from the surface of the 

salt, and by partial absorption. Still we see the radiation thus 

Weakened competent to drive the needle almost through the 

quadrant of a circle. Suppose, instead of being thus separated 

from the lining, the face of the pile itself [as in the experiments 

°f Professor Magnus] to form part of the inner surface of the 

tobe, receiving there the direct impact of the particles of air ; 

°f course the deflections then obtained would be far greater 

than the highest of those above recorded. I do not doubt the 

Possibility of causing the needle of my galvanometer, subjected 

*° such an action, to swing through an arc of 1,000 degrees ; 

^d it is my reluctance to derange the magnetism of my needle 

***at prevents me from making the experiment. 5 * 

Professor Magnus refers to the agreement which subsists 

. * When the pile was placed entirely within the tube (as Professor Magnus places 
*)i a single stroke of the pump in exhausting drove the needle through an arc of 
l U degrees. 
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be t we en hi* results and nine in the case of the i 
folly acting gases, is proof of the am i tlie it of his mode of I 
experiment. The agreement, however, it not nek a* to warrut 
the conclusion drawn from h. The case mar be illustrated br 
reference to a delicate chemists* balance as compared with one 
of those used in common life. Weighing pammda, both balance) 
would roughly agree, bat in weighing ■ifly— rt the cower < 
balance would infallibly fail. I think it Tain to expect a wmft 
determination in any case requiring great delicacy with the 
apparatus which Professor Magnus employs.* 

He again refers to the hygroscopic character of rock-alt. 
This is admitted. His experiments on this substance are quia 
correct ; bnt they hare no bearing upon nine. During onr joint 
experiments, and while the humid air, whose absorption pro- 
duced a deflection of 43 degree* of my galvanometer, was still 
in the experimental tube, the rock-salt plates were detached 
and placed in his hands. He saw no moisture, and he exprentd 
himself satisfied that there was none. Professor Magna* find) 
another difficulty in the fact that I make air my trait, and 
refer the action of all other gases to this unit. There is, I 
submit, no more ' difficulty ' here than in the tables of atomic 
weights, where hydrogen is taken as the unit. My object was* 
and is, to make radiant heat an explorer of molecular conditio* i 
and my results seem to me more instructive and emphatic a* 
now presented than if I had followed the common method 
pursued by Professor Magnus. The difficulty referred to doe- 3 
not touch the method of experiment at all, but merely t£*-~y 
way of presenting the results. 

I may add that, in a paper recently presented to the Boy"** 
Society, the action of all the vapours which I have examb*^ 
is compared with that of the liquids from which these vapoi>* 
are derived. The order of absorption of vapours and liquids 
precisely the same-t At the bottom of the list stands water, -^ 
the most opaque liquid examined. It would form a most remarww' 
able exception to what, so far as I can see, is a general law, &f 
the vapour of this liquid proved so ineffectual ns the expend 
ments of Professor Magnus make it. One word with referenc** 

• This r*m»rl:, I tr&r, w« di«plrsiin2 In Pro f *s»r SLignm. Hi* retort una tnnay' 
Bm NaanauW .Vng«ii*t, 1861, vol. ni-.i. p. SAO. 

f S*e Siviioii 9 of Memoir V. »n<l Section i of Memoir VI. of this collection 
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importance of this subject. In a certain sense Professor 
is is quite right in rating it low. It derives its im- 
ce from the fact that aqueous vapour is everywhere 
t in our atmosphere, and that, for the future, the proved 
of this vapour must form on/9 of the chief foundation- 
of the science of meteorology. 

Institution, 
e 19, 1863. 
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V. 

I THE ABSORPTION AND RADIATION OF HEAT 
BY GASEOUS AND LIQUID MATTER 



ANALYSIS OF MEMOIB V. 

Mrli.o.ii determined tba transmission of radiant best through liquids p 
solids of different thicknesses : in the following: investignlioi 
for gates and vapours. 

A new experimental arrangement is described, which permits of varying •* 
thickness of the gaseous Imn between the limits of one-hundredth of an to* 
Mid forty-nine inches ; or in the ratio of 1 : -1VHK). With the stronger gi ~* 
oven the thinnest of these layera is shown lo yield a measurable action. 

The influence of a diathermanous envelope upon the tempernture of a plin * 
hns been more than ooce adverted to in these memoirs. It U here prove* 
eiperi menially that a layer of oletiant gas only two inches in tliickaRS* 
wrapping the earth, and allowing comparatively free passage to the solar rsT»» 
would intercept at least 33 per cent, of the terrestrial radiation. 

It is also shown that an envelope of sulphuric-ether vapour two inches thick 
would stop at least 35 per cent, of the terrestrial radiation. In connexion with 
these results, the possible action of aqueous vapour is adverted to. 

Experiment! are then described where the experimental tube is divided into 
two chambers by a rock-salt partition ; the radiation from both chambers, tale** 
singly nod together, bein t - determined for both gases and vapours. The dividing" 
ruck-salt is made to occupy different positions within the tube, so as tu ra cial" 
the two chambers sometimes of equal, and sometimes uf unequal length. 

The lifting of the heat by one chamber, and its influence on the transmission 
of the heat through the other, are pointed out 

New experiments on Dynamic Radiation are described, the arrangement 
permitting the dynamically heated gas or vapour to radiate through a vacuum, 
through a column of its own substance, or through a column of any other g** 1 
or vapour. The influence of coincidence in vibrating period is further illu*" 
trated by these experiments. 

The effect of tarnish on the interior surface of the tube, or of an inten *' 
lining, upon the dynamic radiation from the surface is experimentally shown. 

The variation of the dynamic radiation with the length of the radiating 
column is rendered manifest. The result has an iniportent bearing on •* 
experiments in which a thin stratum of moist air is the radiating source. * 

A first comparison is instituted between the transmission of heat throt'K. 
vapours, and through the liquids from which they are derived. From tt^\ 
comparison the inference may be drawn that when a liquid is a power"* 
absorber, the vapour of that liquid is sure also to be a powerful absorber. X&^ 
relation here revealed is more fully developed ir 




ON THE ABSORPTION AND RADIATION OF HEAT 
BY GASEOUS AND LIQUID MATTER.* 

INTRODUCTION. 

IE Royal Socief y has already done me the honour of publishing 
. the 'Philosophical Transactions' various memoirs on the 
'lotions of radiant heat to the gaseous form of matter. In the 
rat of these t it was shown that for heat emanating from the 
:ened surface of a cube filled with boiling water, a class 
of bodies which had been previously regarded as equally, and 
imleed, as far as laboratory experiments went, perfectly dia- 
thermic, exhibited vast differences both as regards radiation 
md absorption. At the common pressure of one atmosphere the 
absorptive energy of olefiant gas, for example, was found to be 
290 times that of air, while when lower pressures were employed 
fte ratio was still greater. The reciprocity of absorption and 
f&diation on the part of gases was also experimentally established 
!n this first investigation. 

In the second inquiry £ I employed a different and more 
P°werfu] source of heat, my desire being to bring out with still 
Sweater decision the differences which revealed themselves in 
"*« Erst investigation. By carefully purifying the transparent 
e fementary gases, and thus reducing their action upon radiant 
fl *ot, the difference between them and the more strongly acting 
compound gases was greatly augmented. In this second inquiry, 
*°' example, olefiant gas, at a pressure of one atmosphere, was 
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icted is composed of several pieces, which are screwed 
ler when the tube is to he used a3 a whole ; but they may 
Bmounted and used separately in lengths, varying from 
nches to 49"4 inches. I wished, however, to operate 
gaseous strata . much thinner than the thinnest of 







: ati'l for this purpose :t special apparatus was devised, 
pith much time and trouble, rendered at length practically 
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The apparatus is sketched in fig. 13. G is the source of heat, 
consisting of a plate of copper against the back of which a 
steady sheet of flame is caused to play. The copper plate 
forms one end of the chamber F (the c front chamber ' of the 
former memoirs). This chamber, ad in previous investiga- 
tions, passes through the vessel V, through which cold water 
constantly circulates, entering at the bottom an4 escaping at 
the top. The heat is thus prevented from passing by conduction 
from the source of heat C to the first plate of rock-salt S. The 
plate S' closes the hollow cylinder A B, dividing it from the front 
chamber F, with which the cylinder A B is connected by suitable 
screws and washers. Within the cylinder A B moves a second 
one, 1 1, as an air-tight piston, closed at the bottom by thfe* 
plate of rock-salt S'. The stuffing which renders the pisto 
air-tight is seen in section at x and y. To make it perfect 
the main difficulty of construction. The plate S' projects a» 
little beyond the end of the cylinder IT, and can therefore b^s 
brought into flat contact with the other plate S. Fixed firml^- 
to A B is a graduated strip of brass, while fixed to the piston is 
a second strip, the two strips forming a vernier, t? v. By thie 
pinion ft, which works in a rack, shown above 1 1 in the figure, 
the two plates of 'salt may be brought near each other or 
separated, their exact distance apart being given by the vernier 
v v. P is the thermo-electric pile with its two conical reflec- 
tors ; C is the compensating cube, employed to neutralize the 
radiation from the source of heat C. H is an adjusting screen, 
by the motion of which the neutralization may be rendered per- 
fect, and the needle brought to zero under the influence of the 
two opposing radiations. The graduation of the vernier was so 
arranged as to permit of the employment oif layers of gas varying 
from 0-01 to 2*8 inches in thickness. They were afterwards 
continued with the segments of the experimental tube, already 
referred to, and in this way layers of gas were examined which 
varied in thickness in the ratio of 1 : 4900. 

In my former experiments the chamber F was always kept 
exhausted, so that the rays of heat passed immediately from the 
source of heat through a vacuum ; but in the present instance 
fearing the strain upon the plate S, fearing also the possible 
intrusion of a small quantity of the gas under examination into 
the front chamber F, if the latter were kept exhausted, and 
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taring proved that a length of 8 inches of dry air exerts no 
sensible action on the rays of heat, I had no scruple in filling 
the chamber F with dry air. Its absorption was nil, and it 
Merely had the effect of lowering in an infinitesimal degree, by 
convection, the temperature of the source of heat The two 
stopcocks c and e stand exactly opposite to the junction of the 
two plates of salt, S S', when they are in contact, and when they 
are drawn apart these cocks are in communication with the 
space between the plates. 

After many trials to secure the best mode of experiment, the 
following one was adopted; — The holder containing the gas to 
be examined was connected by an india-rubber tube with the 
oock c , the other cock c being at the same time left open. The 
piston was then moved by the screw R until the requisite 
distance between the plates was obtained. This space being 
filled with dry air, the radiations on the two faces of the pile 
equalized, and the needle brought to zero. The cock of 
tlie (jas-holder was now opened, and by gentle water pressure 
thegas was forced first through a drying apparatus, and then into 
the Bpace between the plates of salt. The air was quickly 
displaced, and a layer of the gas substituted for it When the 
mjtt "f gas possessed any sensible absorbing power, the equili- 
brium of the two sources of heat was destroyed ; the source C 
triumphed, and from the deflection due to its preponderance 
proportion of heat intercepted by the gas could be 
GsfenUted. 
When oxygen, hydrogen, or nitrogen was substituted for 
iheric air, no change in the position of the galvanometer- 
occurred ; but when any one of the compound gases was 
to occupy the space between the plates, a measurable 
^flection ensued. The plates of rock-salt were not so smooth, 
nor was their parallelism so perfect as entirely to exclude the gas 
"lien they were in contact. Hence a stratum of gas sufficient, 
ffcongb but of filmy thickness, to effect a sensible absorption, 
could find its way between the plates even when they touched 
each other. On this account the first distance in the following 
tables was always really a little move than O'Ol of an inch. 
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Table L — Carbonic Oxide. 




lllHIH 


'"■"l^T"'' 


3s 


0-01 of u iaA 2 


0-4 of «n inch 


M 


0-03 . 05 


OS 


H 


00J „ 07 


M 




0-M 04 


1 


H 


OOfl „ w 


w 


e-i 


01 H I 6 


3 


H 


03 „ 3 







Table H.— Carfwnie Jct& 



0-01 of u 
002 
o-oj . 



Table III.— 


Nitron* Oxide, 




1-48 


0*1 of an inch 


10-S*** 


a-j| 


OS 


11 


3-BO 


0-0 „ 


117*** 


* 


0-8 n 


18-1^^ 


t-M 


1 „ 


la-sCE' 





1« » 


14-JC^ 


7-77 


9 » 


16-7 


Table IV.— 


■Olefiant Oat. 




1-80 


OS of no inch 


ss-so 


3-08 


1 H 


26-3J 


8-37 


a 


3J-80 


•'14 







5 2. 

\iYw .;■■' lift Atm<vf^*r*t Shell of Gas or Vapour two inches ih^~~ 

wfHMt 'A* Temperature of a Planet. 

\\ v Mv rtml t Imt a U\vr of olefiant gaa only two inches 
V,Vi,w tuhWi i nt« »« , wl,T 8$ per cent of the radiation fro'-^ 
,v«»w> v^l 1 t»*t» Ww* our globe encircled by a shell ^^ 



sensib 
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iant gas of this thickness, the shell would offer a scarcely 
sensible obstacle to the passage of the solar rajs earth- 
ward, but it would intercept, and in great part return, 33 
per cent, of the terrestrial radiation. Cinder such a canopy, 
trifling as it may appear, the surface of the earth would be kept 
at a stilling temperature. The possible influence of an atmo- 
spheric envelope on the temperature of a planet is here most 
forcibly illustrated. 

The only vapour examined with this piston apparatus is that 
of sulphuric ether. Glass fragments were placed in a TJ-tube 
and wetted with the ether. Through the tube dry air was 
gently forced, whence it passed, vapour-laden, into the space 
between the rock-salt plates, S S'. The following table contains 
-fche results : — 

Table V. — Air saturated with the Vapour of Sulphuric Ether. 

Abporptfon In Abtnrption Is 



0'8 of nn inch 



04 „ 1**3 | 

Comparing these results with those obtained with defiant 
¥5"as, we find for thicknesses of - 05 of an inch and 2 inches 
*"«spectively the following absorptions: — 



Thicknees of 0-Ofi . 
Thickness of 2 inches 



Sill'lr.iri'- ether 
Thi-knesa of Q-05 . 
Thickness of 2 inches 



Sulphuric-ether vapour, therefore, commences with an absorp- 
tion much lower than that of olefiant gas, and ends with a. 
-tfcigher absorption. This is quite in accordance with the result 
^Established in my Becond memoir,* where it haa been shown that 
"*vbile in a short tube the absorption effected by the sparsely 
^ -cattered molecules of a vapour is far less than that of a gas at 
t lie pressure of an atmosphere, in a long tube the gas is excelled 
*-*J the vapour. Still more impressively than that of olefiant gas, 
^•ie deportment of sulphuric ether shows what mighty changes 
^>f climate might be brought about by the introduction into tho 



.*"*■* * 



* - _ 



■i second 
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being thoroughly cleansed and exhausted, the needle 
;ht to zero by the equalization of the radiati 




ite faces of the pile. Into the first chamber the gas 
to be examined was then introduced, and its absorp- 
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tion determined. This accomplished, the first chamber was 
cleansed, and the gas or vapour was introduced into the second 
chamber, its absorption there being also determined* Finally^ 
both the chambers were filled and their joint absorption waa 
determined. 

The combination here described enabled me to check th«^ 
experiments, and also to trace the influence of the firatj 
chamber on the radiation. In it the heat was more or le*m« 
sifted, the calorific beam entering the second chamber deprived 
of certain constituents which it possessed on its entrance in-fco 
the first. On this account the quantity absorbed in the second 
chamber when the first is full of gas must always fall short of 
the quantity absorbed when the first chamber is empty. Prom 
this it follows that the sum of the absorptions of the two 
chambers, taken separately, must always exceed the absorption 
of the tube taken as a whole. This may be briefly and con- 
veniently expressed by saying that the sum of the absorption* 
ought, on theoretic grounds, to exceed the absorption of the sum- 

Table VI. — Carbonic Oxide. 





Length 


' 1st 
Chamber 


Absorption per 100 




r 

1st 
Uhambe 


Snd * 
r Chamber 


2nd 
Chamber 


Both * 
Chambers 


28 


48-6 * 


6-8 


12-9 


12-9 


8 


41'4 


96 


12-2 


12*9 


12-2 


372 


10-7 


122 


12-9 


15-4 


84 


10.9 


12-2 


13-4 


17*8 


31-6 


111 


12 


13*3 


36-3 


131 


12 6 


10-3 


134 - 




Table VII.- 


—Carbonic Acid. 




2-8 


46-6 


8-6 


13-8 


13-3 


8 


41*4 


9-9* 


12-7 


130 


12-2 


372 


11 


11-4 


13 


16*4 


84-0 


11-8 


121 


13-9 


238 


25-6 


11-7 


11*4 


13-1 


23*8 


25-6 


11*2 


11-2 


12 6 


23*8 


26*6 


10-4 


10-5 


12 


36*3 


131 


11-6 


10 


12-3 



Various causes have rendered these experiments exceeding^ ** 



laborious. Could I have procured a sufficiently large quanti" 
of gas in a single holder for an entire series of experiments, -* 
would not have been difficult to obtain concurrent results, bt^ 
the slight variations in quality of the same gas generated t^** 
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:ent times tell upon the results and render perfect uniformity 
■einely difficult of attainment. The approximate constancy 
i numbers in the third column is, however, a guarantee 
at the determinations are not very wide of the truth. Irre- 
fTularities, however, are revealed. Some remarkable ones occur 
1 the case of carbonic acid, with the chambers 23'8 and 25 - 6 — 
the absorptions in the first chamber varying in this instance 
frotn 11*7 to 10-4, and in the second chamber from 11 -4 to 10-5, 
at »d in both chambers from 18-1 to 12-0. The gas which gave 
tl*e largest of these results was generated from marble and 
"yclrochloric acid; the next was obtained from chalk and 
8u lj)liuric acid, and the gas which gave the smallest result was 
obtained from bicarbonate of soda and sulphuric acid. The 
fl tight differences accompanying these different modes of gene- 
^tiou made themselves felt in the manner recorded in the 

Table \IU.— Nitrous Oxide. 



Ihe differences arising from different modes of generation 
ar *«S most strikingly illustrated by the powerful gases. Dr. 
-*^**s*.nkland, for example, was kind enough to superintend 
»o«r me the making of a large holder of olefiant gas by the so- 
°^-lled ' continuous process,' in which the vapour of alcohol is 
* e <l through sulphuric acid diluted with its own volume of 
^a-i^r. The following results were obtained : — 









Table IX.— Olefiant Gat. 

Ataorptl'n per 10 






^t*he agreement of the absorption of both chambers, the sum 
°' "*bich was the constant quantity of 49 - 4 inches, must be 
^Karded as satisfactory ; and this is the general character of 
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the results as long as we adhere to gas generated in ti 
same way. On the other hand, olefiant gas produced by mixii 
the liquui alcohol with sulphuric acid and applying heat to tl 
mixture, gave the results recorded in the following table :— 

Table X.—OUfiant Gas. 

or 109 



Itfncth 


1« 
Cumber 


2nd 
Chamber 


12-3 


37*2 


\o\ 


34 


19S 


29 6 


2<-$ 


2o6 


&'i 


131 



r 

Chamber 


5*1 
Chamber 


Both 
Cham ben 


54 S 


70 


76*3 


59-1 


72-7 


771 


67*3 


70-4 


77 


69-2 


70 H 


77-6 


728 


60-3 


783 



Here the joint absorption of the two chambers is abo 
*.'' ver ocut. higher than that of the gas generated uud 
IV Frauklar.d % s superintendence. 

§4. 

tud*cnce of ' Sifting ' by Gaseous Media. 

V ow rvm.irk* on these results may be introduced here. 

:. v **c .£* carbonic oxide (Table VI.), we see that while a leng 

k *-x : u :u's of c** i* competent, when acting alone, to inte 

;< -vr cvut. of the radiant heat, the cutting off of tl 

* «.v::i i tube W'4 inches long, or, what is the same,t 

. ■ , •.' -.:r.s length to a tube 46*6 inches long, makes 

> .i.i'i;-e i» its absorption. The second chamber absoi 

v\ The same remark applies to carbonic ac 

» — «*o within the limits of error for nitrous o% 

. ,,, Indeed it is only when 8 inches or inor<? 
,„i.\».*» v*** ».^»^^^* * 

*** '* »**.» Von cut awav that the difference beting 

- v v , flxuik iti carbonic oxide, the absorption o 

•—** ^' . v.-*.- I £2, that of a chamber 49-4, or 8 inc 

* -v : » >,/ -imKuw: * difference of only 0*7 per cei 

■% W1 x " _. ^ % .r* *; inches acting singly on the gas p 

— '• x " A . • o *; <vr <yw/. So also with regard 

.» * • su ^ n-| absorbing 12-7 per cent., a tu 

.„.*.— *" v fc ^. v » xvr v vut.« making a difference of oi 

,- *"'*\\v <.wo of olefiant gas also (Table IX 

^ -^ '*■ < .*>» ^b****, acting singly, 44 per cen 



<^ ■ *' 
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the addition of 8 inches to a tube already 41*4 inches long 
raises the absorption only from 65*3 to 67*5, or 2*2 per cent. 
The reason is plain. In a length of 41*4 the rays capable of 
being absorbed by the gas are so much diminished, so few in 
f&ct remain to be attacked, that an additional 8 inches of gas 
produce a scarcely sensible effect. Similar considerations 
explain the fact that, while by augmenting the length of the 
first chamber from 2*8 inches to 15*4 inches we increase the 
absorption of defiant gas nearly 20 per cent., the shortening of 
the second chamber by precisely the same amount effects a 
diminution of barely 4 per cent, of the absorption. All these 
remits conspire to prove the heterogeneous character of the radio- 
turn from a source heated to about 250° C. 

The ' sum of the absorptions ' and the ' absorption of the 
Bam,' placed side by side, exhibit the influence of sifting in an 
instructive manner. Tables VI., VII., VHI.,IX., and X., thus 
treated, give the following comparative numbers : — 

Table XI. — Carbonic Oxide. . 



Length of Chamber* 1 


Bum of Absorptions 


Absorption of Sam 


2*8 46*6 


19-7 


12'9 


8 41*1 


218 


129 


122 37*2 


229 


129 


154 34 


23*1 


13*4 


17*8 81-6 


23-1 


13*3 


36*3 131 


229 


13*4 



Means . . 22*3 131 

Table XII. — Carbonic Acid. 



2-8 


46-6 


22-4 


133 


8 


41-4 


226 


13 


122 


37*2 


22*4 


13 


16*4 


34 


239 


13-9 


23*8 


25*6 


231 


131 


863 


131 


216 


123 


• 


Means . 


. 226 


131 




Table XTTL- 


-Nitrous Oxide. 




2-8 


466 


49 


33 9 


12-2 


372 


53-1 


32 


16 4 


84 


632 


32 


17*8 


816 


65*8 


32-7 



Means . . 528 32*7 

12 
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Table XIV.— Olefiant Gas. 



i± - 



La*th of Chasten 


Sam of AtaorptioM 


UwpttoaotBo* 




2-8 *6-6 


1007 


67-7 


■ ' 


8 414 


100*6 


67*6 


■■:> 


122 37*2 


100-4 


65 


M._ 


154 34 


116-0 


67 





Means . . 1080 66*8 



Table XV.— Olefiant Gas. 



122 


S7-2 


124-8 


76*3 


154 


84 


181-8 


771 


10-8 


20 6 


188 2 


77 


238 


256 


180*4 


77*6 


363 


181 


188*1 


78*8 



Means . . 138*4 773 

The conclusion that the sum of the absorptions is greater 
than the absorption of the sum is here amply verified. The 
table* also show the ratio of the sum of the absorptions to the 
absorption of the sum to be practically constant for all these 
.-rtA--*. Dividing the first mean by the second in the respective 
ca-*c*« w ** h ave ^e following quotients : — 

Carbonic oxide 1*70 

Carbonic acid 1*72 

Nitrous oxide 1*61 

defiant gas (mean of both) . . .1*68 

■ 

W *uni of the absorptions ought to be a maximum when 

^ *o chambers are of equal length. For, let them be unequal, 

^ a 'V-nt being in excess of half the length of the tube, 

, is consider the action of this excess. Placed after the 

fc .- .-■■4^X it receives the rays which have already traversed 

. k *..•. -. v'aeed after the shorter length, it receives the rays 

\. .- traversed the shorter length. In the former case, 

. •» •- *v * excess ' will absorb less than in the latter, because 

. N . iv tormer case have been more thoroughly sifted 

^ .,. xw- reaches the excess. Prom this it is clear that, 

- «. ioi '-*» the way of absorption by attaching the excess 

- <*»a>^k of the tube than to the half-length ; in other 

ctf the absorptions, when the tube is divided 

„^^ i$ a maximum. This reason is approxi- 
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ly verified by the experiments. As one length augments, 
the other diminishes, we constantly approach the limit 
. the sum of the absorptions and the absorption of the sum 
qual to each other. The effect of proximity to this limit 
fcribited in the first experiment in each of the series ; whege 
engths of the compartments are very unequal, and the sum 
e absorptions is, in general, a minimum. 



§ 5. 
Application of Method to Vapours. 

ter the absorption by the permanent gases had been in this 
examined, I passed on to the examination of vapours, 
were all used at a common pressure of 0*5 of an inch of 
ury, or about -j^th °f an atmosphere. The liquid which 
ed the vapour was enclosed in the flasks described in my 
ou8 memoirs, and the pure vapour was allowed to enter the 
active compartments of the experimental tube without the 
test ebullition. The following series of tables contains 
esults thus obtained : — 

;le XVI. — Bisulphide of Carbon. Pressure 0*5 of an inch* 





Length 






Absorption per 100 


r 
Itt 


2nd 


• i* 


tad 


Both ' 


Chamber 


Chamber 




Chamber 


Chamber 


Cham ben 


23 


466 




8*6 


7*6 


76 


8 


414 




4*4 


78 


76 


15-4 


34 




67 


6 


75 


178 


81*6 




6'8 


6-4 


7-6 


238 


266 




" 6-7 


6 


7-8 


Table XVII.— 


Chloroform 


. Pressure 0*5 of an inch. 


28 


466 




66 


169 


16*8 


8 


414 




9-2 


16*6 


16*8 


122 


872 




10*6 


14-8 


171 


154 


34 




11-6 


141 


16-9 


23 8 


25*6 




16 


14 


18-4 


36-3 


131 




16-6 


10-9 


17*2 


Table XVIII, 


, — Benzol. 


Pressure 0*5 of an 


inch. 


28 


46*6 




4 


20 


20-6 


8 


41*4 




8*4 


17^8 


20-4 


122 


87*2 




98 


16-6 


19 


17 8 


31*6 




11*9 


15-7 


20-1 


238 


25*6 




14-8 


16*1 


21-0 



Tabus XIX.- Iodide of Ethyl. Pressure O-So/n inrh. 



Table XX.— Alcohol. Pressure 0-5 of a* inch. 



Table XXI. — Alcohol. Pressure 0-1 of an inch. 



Table XXII. — Sulphuric Ether. Pressure 0-5 of an inch 



Table XXLTI. — Acetic Ether. Pressure 0'5 of an inch. 



HI 



T*w* 



XXIV. — Formic Ether. Pressure 0-5 of an inch. 



XV* 
V* 



mowing tables the sum of the absorptions is c 
I absorption of the sum in the case of vapours 
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Lsngthof Chamben 


Sam of Absorptions 


Absorption of Bern 


28 46*6 


11*2 


76 


8 41*4 


11-7 


7*6 


15*4 84 


11-7 


76 


178 J10 


12*2 


76 


238 25-6 


12*7 


7*8 



Meani 



11-9 



76 



Table XXVI.- 


—Chloroform. 


Pressure 0*5 of an 


2-8 


46-6 


21*4 168 


8 


41-4 


24-8 . 16 8 


122 


872 


26-8 17-1 


154 


84 


25-2 16*9 


238 


256 


29 184 


363 


181 


26-5 17*2 



Meant 



25*86 



171 



Table XXVII. — Benzol. Pressure 0-5 of an inch. 



2.8 


46-6 


24 


20*6 


8 ' 


41-4 


26-7 


20*4 


122 


872 


268 


19 


178 


316 


27*6 


201 


23-8 


256 


29-4 


21 



Means 



266 



20 2 



t *bi-b xxvm.— 



28 


46-6 


UNVWVl JL 1 OOOl 

306 


254 


8 


41*4 


302 


233 


12-2 


872 


33*3 


252 


15*4 


34 


35-4 


252 


178 


316 


358 


252 



Means 



331 



24*9 



Table XXIX. — Alcohol. Pressure 0*5 of an inch. 



2-8 
8 

12-2 
15*4 
17*8 



46*6 

41*4 

37*2 

34 

31*6 



57*8 
621 
70-1 
73*2 
72-4 



46-1 

47 

47*5 

47 

47*6 



Means . 



671 



47 





M 4»€ «** U+ 

i « 2» at 



frSWoittdL 



2* 4M ST4 *4-4 

17* «* 

334 25* **S fitt 



Tahje XXXnL— Jeetic £tttr. Premrv 0*5^ 



M 


4M 


77-8 


•W 


S 


41'4 


8S-S 


e** 


1M 


37-3 


§•7 


*4«3 


1*4 


34 


9Tf 


04 


33* 


2*« 


103-6 


W 


3W 


13-1 


100-7 


ft4* 



. 94* 63-9 

In the case of vapours, the difference between the sum oft) 
absorptions and the absorption of the sum is, in general, le 
than in the case of gases. This resolves itself into the propoe 
tion that for equal lengths, within the limits of these expei 
ments, the sifting power of the gas is greater than that of tl 
rapour. The reason of this is that the vapours are examin< 
at a pressure of an atmosphere and the vapours at a pressn 
of j^th of an atmosphere. Thus, as before proved,* no matt 

* Section 14, Memoir II. 
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how powerful the individual molecules may he, their distance 
asunder renders a thin layer of them a comparatively open 
Biev-e. 



N'eto Experiment* on Dynamic Radiation. — Radiation of Dynami- 
cally heated Gas through the same Gas, or through other Gases. 

Tie entrance of a gas into an exhausted vessel is known to 
he accompanied by the generation of heat ; and the gas thus 
warmed, if a radiator, will emit the heat generated. Con- 
versely, on exhausting a vessel containing any gas, the gas is 
chilled, and thus an external body, which prior to the act of 
exhaustion possesses the same temperature as the gas, becomes, 
on tlie first stroke of the pump, a warm body with reference to 
" le gas remaining in the vessel. If the body be separated from 
■"e cooled gas by a diathermic partition, it will radiate into the 
f»**-s and be more or less chilled. It was shown in my second 
nie ttioir that this dynamic warming and chilling of a gas or 
Ta t>onr furnished a practical meanB of determining, without 
ln y source of heat external to the gaseous body itself, both its 
^■'iiative and absorptive energy, the terms dynamic radiation 
fttl <i dynamic absorption being then for the first time introduced 
to express this newly-discovered action. 

touring the last half-year a considerable number of experi- 
a>e nta have been made in illustration of the manner in 
**-ich dynamic radiation may be applied in researches on 
""^-^iant heat. A few of these I will here describe. The 
" 0l n-ce of heat was abolished ; one end, 8, (fig. IS) of the 
*I>erimental tube was stopped by a plate of polished metal, the 
^er, S", by a transparent plate of rock-salt, while the space 
^^t'Ween the ends was divided into two compartments by a 
* <i Ond plate of salt, S'. The thermo-electric pile, P, occu- 
^d its usual position at the end of the tube, the compensating 
^**>e, however, being abandoned. For the sake of convenient 
^fe*ence, I will call the compartment of the tube most distant 
tti the pile the first chamber, and that adjacent to the pile 
**ne second cbamber. 

5Soth chambers being exhausted and the needle at zero, the 
$?*« wae allowed to enter the first through a gauge-cock which 



**o* 



'"* 



1S4 



TH£ AESOWTIOy A5D K1DUIHX7 OF HEAT 



Of 



40 



was dvnamieaUr heated, aad radiated 
through the vacuous second chamber. 
the limit of its excursion was noted. 
then exhausted and carefuHv cle a nagd 
second chamber was fiQed with the 
view to its dynamic radiation, bat to 
the heat radiated from the first chamber. 
at zero, the gas was again permitted to 

.1*. 



atti 

on enterin 

to the pi] 

needle moved, an* 

The first chamber wa 

with dry air. Th 

gas, not jet with i 

examine its effect upoi 

The needle being 

enter the first chamber 




2tfuL CJuunx 



MCAmmL 



I! 



^"S 



jd^ 



exactly as in the other experiment, the only difference bein 
that in the first case the heat passed through a vacuum to t 
pile, while in the second it had to pass through a column 
the same gas as that from which it emanated. The reciproci 
of radiation and absorption could thus be illustrated in a ncr« 
and interesting manner. In this way, in fact, the absorpti* 
exerted by any gas not only on heat radiated from the sax3 
gas, but from any other gas, may be determined. Finally, tl 
apparatus being cleansed and the needle at zero, the gas it 
permitted to enter the second chamber, and its dynamic radi 
tion from this chamber determined. The intermediate pin 
of salt, S 7 , was shifted, as in the former experiments, so as 
alter the lengths of the two chambers, the sum of both lengt: 
remaining constant as before. 

In the following tables the three columns bracketed un«3 
{behead of 'Deflection,' contain the arcs through. which *fcl 
jmofllft moved in the three cases : (1) when the radiati* 
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from the gas in the first chamber passed through the empty 
*scoud chamber ; (2) when the radiation from the first chamber 
Phased through the occupied second chamber; and (3) when 
the radiation proceeded from the second chamber. 

* 

Dynarpic Radiation of Oases. 
Table XXXTV. — Carbonic Oxide. 



Length 


Deflection 


• 


By 1st 87 1st 
Chamber, Chamber, 
tod Chamber Gas in 2nd 
empty Chamber 


~ > 


lit 
Chamber 


2n<T 
Chamber 3 


By 2nd 
Chamber 


28 


46-6 


e e 

1 



28 


154 


34 


3 8 21 


244 


36*3 


131 


137 6-3 


16*6 




Table XXXV.- 


— Carbonic Acid. 




2-8 


46-6 


1 


33-6 


154 


34 


37 125 


233 


36*3 


131 


16*8 6-6 


17*6 




Table XXXVi. 


— Nitrous Oxide. 




28 


46-6 


1 0-2 


. 446 


15 4 


34* 


43 12 


317 


363 


131 


19*5 62 


22 



Table XXXVII.— Olefiant Gas. 

15-4 34 119 1 68 

23*8 25 6 22-8 3 

36-3 181 69 10-4 65 

TThe gases, it will be observed, exhibit a gradually increasing 
^^wer of dynamic radiation from carbonic oxide up to olefiant 
'^s. This is most clearly illustrated by reference to the results 
Stained in the respective cases with the first length of the 
^cond chamber. They are as follows : — 

o 
Carbonic oxide 28 

Carbonic acid 33*6 

Nitrous oxide 44 5 

Olefiant gas 68 

Its proximity to the pile, and the fact of its having to cross 
****t one plate of salt, make the radiation from the second 
c ^mber much greater than that of the first. 









^tr 




gas. bat from any ' 
apparatus being d 
permitted to enter 
tion from this eh* 
or Milt, S', was thfl 
alter the len<.-tb» ot 
remaining constant 
In the following 
tin- l»wl of 'DbUm 
ni'i-dlo moved, in | 



■e Imetli of the chanter b 

• tfc» gas contahu'd in it in 

-■■ r-^.Ihi." v -r.i -i^iL,, .:-■ ■ 

■ l*m in the second eknkr | 
: an*. With carbonic oA 1 
^ 13/1 inches longwise I 

• -mvre than 50 per cent, ll I 
■iiil jrreater. With carbonic I 

• - ; with nitrons oxide it il | 
■ft residaal deflection, 6? 

» *-hp gas, to heat emitted : | 
■fed the experim.-i 
: dilution from its interim 
Tith yerfectly dry air uY» 
eev Thus the radiation it 

■ aha molecules in the first 
;«t the surface of the tuhe. 
■a* chamber would be :ouch 
bet: and to these latter, 1, 
ttarrtee, or thereabouts, U 
*•«? so often, although the 
■Bar so considerably, is in 
■■It. In the case of car- 
Ma >* reduced from 1S-7* 

• .tOa it is reduced from 
m ras it is reduced from 
■a ,oot here recorded) the 
m hn +4" to 6*. 



■ 0* Interior Surface of 
IflptfnW l t> e Surface. 
s» ibe interior snrfaee 
c*»-e. bat the extent to 

DWtt. /fwfad 

-> #" **« nalur* i/ fAo 
» ■ mm 1 m food. An ex- 
* tocaJY than any won!* 



BY GASEOUS AND LIQUID MATTER. 187 




j. 



L brass tube 3 feet long, and very slightly tarnished within, 
^%Jgs used for dynamic radiation. Dry air on entering the tube 
*^^£ouuced a deflection of 12 degrees. The tube was then polished 
^gt^uhin, and the experiment repeated ; the action of dry air was 

distantly reduced to 7*5 degrees. 
The rock-salt plate at the end of the tube was then removed, 

and a lining of black paper 2 feet long was introduced. 

The tube was again closed, and the experiment of allowing 

dry air to enter it repeated. The deflections observed in three 

successive experiments were 

80°, 81°, .80°. 

This result might be obtained as long as the lining continued 
within the tube. 

The plate of rock-salt was again removed, and the length of 
the lining was reduced to a foot ; the dynamic radiation on the 
entrance of dry air in three successive experiments gave the 
deflections 

76°, 74°, 76°. 

The plate was again removed and the lining reduced to 3 
inches ; the deflections obtained in two successive experiments 
were 

66°, 66°. 

Finally, the lining was reduced to a ring only 1£ inch in 
-width; the dynamic radiation from this small surface gave in 
two successive trials the deflections 

66°, 66-6°. 

The lining was then entirely removed, and the deflection in- 
stantly fell to 

76°. 

A coating of lampblack within the tube produced the same 
effect as the paper lining ; common writing-paper was almost 
equally effective; a coating of varnish also produced large 
deflections, and the mere oxidation of the interior surface of 
the tube is also very effective. 

In the above experiments the lining was first heated, and it 
then radiated its heat through a thick plate of rock-salt against 
the pile. The effect was enfeebled by distance, by reflexion 
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from the surfaces of the salt, and by partial absorption. 
wo hco that the radiation thus weakened was competent to 
flrtM tin' needle almost through the quadrant of a circle. lf- 
instcad of being thus detached, the face of the pile iUelf la*l 
funned part of the interior surface of the experimental tnbe» 
Mi.' .lcili'i'tious would, of course, be far greater than ta e 
highi-st <>f those here recorded. I do not entertain a donb* 
that, by the dynamic heating of the surface of the pile, tl»- e 
tmdll Df tuy galvanometer could be caused to whirl throng"- 1 
.in m of 1000 degrees. Assuredly an arrangement subject ^^ 
disturbances, or masking disturbances, such as these cannot ^-"^ 
Blftlhh in experiments in which the most refined delicacy """ 
d'ty necessary. 




h'.iifi.i/t'.m af dynamically healed Vapour through thesame Vapi 

f UroMfA ■" Vaamm. I nfluence of Length of Bodiatit^* 

(MHHH.- different Effects of Length on Gases and Vapours. 

Bl -i" 1 1 1 if n is similar to those recorded in §6 were also mad ' 
frith TipOW*. 1Mb chambers of the experimental tube beings^ 
J> in I..!, the vapour was permitted to enter the first, and dr^t 
mi' i" IbUow it- The air thus dynamically heated warmed the^ 
VipBWi und the vapour radiated its heat against the pile. As^ 
in Mi ' .■ of gases, the heat passed in the first experiment — 
through a vacuous second chamber, in the second experiment ' 
Mi rough the name chamber when it contained - 5 of an inch of 
the Name vapour as that from which Mie rays issued, while a 
lliml experiment was made to determine the dynamic radiation 

I' the second chamber. The following tables contain the 

'results: — 



Dymtmie Radiation af Vapours. 
Table XXXVUL—IiUulphide of Carbon. Pressure 05 of an inch. 
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Table XXXTX. — Benzol. Pressure 0*5 of an inch. 

Detection 



Length / ~ ■> 

/ * x By lit By lit 

lit ted Chamber, Chamber, By 2nd 

Chamber Chamber 2nd Chamber Vaponr in 2nd Chamber 

empty Chamber 

154 84 3 11 84 

86 3 13*1 21-6 11*9 15-1 



Table XL. — Iodide of Ethyl. Pressure 0*5 of an inch. 



15 4 


84 


8*4 


27 


388 


363 


181 


25*4 


18-8 


19 



Table XLL — Chloroform. Pressure 0*5 of an inch. 



15-4 


84 


4*5 


2-1 


41 


363 


131 


223 


10 


19 



Table XLII. — Alcohol. Pressure 0*5 of an inch. 



15'4 


84 


4*9 


2 


538 


36 3 


131 


338 


169 


34-9 



Table XLTTT. — Alcohol. Pressure 0*1 of an inch. 



154 


34 


2 


1-3 


857 


36-3 


131 


218 


16-2 


11*5 



^Table XLIV. — Boracic Ether. Pressure 0*1 of an inch. 



15*4 


34 


63 


21 


61 


36-3 


131 


291 


157 


31*6 



Table XLV. — Formic Ether. PressureJOS of an inch. 



15'4 


84 


6-3 


2-5 


68 


36-3 


131 


46 


23-8 


41 



Table XL VI. — Sulphuric Ether. Pressure 0*5 of an inch. 

154 84 5*6 ,2-5 68 

86 3 131 45-3 224 36 5 

Table XLVIL — Acetic Ether. Pressure 0*5 of an inch. 

15-4 34 57 1 73-9 

36-3 13*1 491 22 41 
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Collecting the radiations from the second chamber for the 
lengths 34 inches and 13*1 inches into a single table, we tee it 
a glance how the radiation is affected by the length. 



Table XLVHL 

«f 




4 *- 



e 



Bt«fl-phid» «f cuta H* • 

Btwl 84 !«' 

I*did* of fd»ji 88-8 It 

Oaorafoim 41 " • 

AImM*. »■• **• 

Mphvriettbw 68 86"5 

Formttttktt 68 41 

ActtietUwr 78*9 41 



At a prasnm of W of tn tocb 

Alcohol .867 IW 

BancKftiMT 61 81-6 

The extraordinary energy of boracic ether as a rtdiant maj 
be inferred from the last experiment. Although attenuated to 
yj^th of an atmosphere, its thinly scattered molecules are abto 
to urjje the needle through an arc of 61 degrees, and this merely 
by the warmth generated on the entrance of dry air into 
vacuum. 

Arranging the gases in the same manner, we have the folio"** - 
ing results : — 

Table XLIX. 

Dynamic Radiation of Gaaes 
at 1 atm. pressure, and a 
• common thickness of 

84 inches 18*1 inches 

o o 

Carbonic oxide 24*4 16*6 

Carbonic acid 28*3 17 5 

Nitrous oxid© 817 22 

Oleflantgas 68 65 

As remarked in Memoir II. § 14, a greater length is avail- 
able for radiation in the case of the .vapour than in the case of 
the gas, because the radiation from the hinder portion of the 
column of vapour is less interfered with by the molecules in 
front. By shortening the column therefore we diminish, and 
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engthening it we promote, the radiation from the vapour 
"e than that from the gas. Thus while a shortening of the 
imn from 34 inches to 13*1 causes a fall in the case of car- 
ic oxide only from 23*3° to 17*5°, the same amount of short- 
lg causes benzol vapour to fall from 84° to 15'1°, a much 
iter diminution. So also as regards olefiant gas, a shorten- 
ed the radiating column from 84 inches to 13*1 inches causes 
U in the deflection only from 68° to 65° ; the same diminution 
luces with sulphuric ether a fall from 68° to 36'5°; and with 
tic ether from 73 "9° to 41°. In the 84-inch long column, 
•eover, acetic ether beats olefiant gas, but in the 13-inch 
imn the gas beats the vapour. 

. series of experiments of this nature executed last autumn, 
lgh not free from irregularities, is nevertheless worth 
rding here. A brass experimental tube, slightly tarnished 
lin, 49-4 inches long, and divided into two chambers, each 
inches long, was employed, and with the following re- 



Table L. — Dynamic Radiation of Vapours. 







Deflection 






'By 1st 
Ghnmber, 
2nd Chamber 
empty 


By 1st 
Chamber, 
Vaponr in 2nd 
Chamber 


By 2nd 
Cnamba 


Bisulphide of carbon . 


o 
. 8*2 


o 
58 


212 


Benzol 


. 20 


124 


45*9 


Chloroform . . 


. 243 


109 


55*2 


Iodide of ethyl . 


. 275 


147 


55-3 


Alcohol 


. 42-7 


223 


69 


Sulphuric ether . 


. 46-3 


21-7 


80*5 


Formic ether . . 


. 475 


198 


79-5 


Propionate of ethyl . 


. 498 


25 


82*3 


Acetic ether 


. 633 


30 


82*1 



§ 9. 

~*f Comparison of the Actions of Liquids and their Vapours 

upon Radiant Heat. 

* ascertain whether the action of these vapours bears any 

ificant relation to that of the liquids from which they are 

ved, the transmission of radiant heat through those liquids 

examined. The naked flame of an oil lamp was used as a 
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source, and the liquids were enclosed in rock-salt cells. Thus 
the total radiation from the lamp, with the exception of the 
minute fraction absorbed by the rock-salt, was brought to bear 
upon the liquid. 

In the following table the liquids are arranged in the order 
of their powers of transmission : — 

Table LL 

Name of Liquid HudradtlMrf 

tht Brttitlin 

Bisulphide of carbon 88 

Bisulphide of carbon saturated with sulphur . . . .82 

Bisulphide of carbon saturated with iodine • • • .81 

Bromine 77 

Chloroftrm • . 78 

Iodide of methyl • • • 69 

Benzol •••••60 

Iodide of ethyl • • . 67 

Amylene ••••••••••£0 

Sulphuric ether . * . .41 

Acetic ether ... 84 1 

Formic efher 88 

Alcohol . . . 80 

Water saturated with rock-salt 26 

These results are but approximate, and the source of. hea* 
has been changed, still it is impossible to regard them without 
feeling how purely the act of absorption is a molecular act, am3- 
that when a liquid is a powerful absorber the vapour of thai liquid* 
is sure also to be a powerful absorber* 

To experiment with water, it was necessary to saturate it wit 
the salt of which the cell was formed, but the absorptive energ"^ 
is due solely ' to the water. We might infer from this alon^* 
were no experiments made on the aqueous vapour of the atm<^"~ 
sphere, that that vapour must exert a powerful action upoX* 
terrestrial radiation. In fact, in all the statements that I har0 
hitherto made its action has been underrated. 

The deportment of the elements sulphur and iodine, dissolved 
in bisulphide of carbon, is in striking harmony with the oilier 
results which these researches have made known regarding the 
action of elementary bodies. The saturation of the bisulphide 
by sulphur scarcely affects the transmission, while a quantity 
of iodine sufficient to convert the liquid from one of perfect 
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.rency to one of almost perfect opacity to light, produces 
ration of only 2 per cent, of the radiation. This shows 
e heat really used in these experiments consists almost 
of the obscure rays of the lamp. The deportment of 
e is also very instructive. The liquid is very dense, and 
pie as to cut off the luminous rays of the lamp ; still it 
its 77 per cent, of the total radiation. It stands in point 
hermancy above every compound liquid in the list, ex- 
sulphide of carbon. This latter substance is the rock-salt 
ids. 

3 worth remarking that the obscure rays of a luminous 
have a much greater power of penetration in the case of the 
r here examined than the rays from an obscure source, how- 
ose to incandescence. 

ore a strict comparison can be made between vapours and 
s, they must both be examined by heat of the same quality, 
rrangements have been already made with which I hope 
ain more complete and accurate results than those above 
led. 
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VI. 



CONTRIBUTIONS TO MOLECULAR PHYSICS. 



ANALYSIS OF MEMOIB VL 

The comparison of vapours and liquids, roughly illustrated towards the conch- 
sion of the last inquiry, prompted a more accurate examination of this important 
question. The present memoir begins with the description of the neoesttry 
apparatus. A source of heat of perfectly definite quality is obtained by sending 
through a platinum spiral a voltaic current of a constant strength. Rock-salt 
cells are also devised wherein the liquids are enclosed, and the action upon 
radiant heat of eleven different liquids in five different thicknesses is deter- 
mined. 

The action of the vapours of those liquids upon radiant heat of the stna© 
quality is then determined 

In each series of experiments the different liquids are first compared at * 
common thickness, and the vapours at a common pressure. A striking general 
agreement was established, the order of absorption in the two cases being almo& 
the same. 

Fresh experiments are then executed in which the liquids and their vapours 
are rendered proportional to each other in quantity. Thus compared, the order 
of absorption in the two cases is proved to be identical 

It is hence inferred that the position of any vapour as an absorber of radian* 
heat is determined by the position of its liquid. No experiment has ever beer** 
made to shake the validity of this inference. From the deportment of wat&v» 
therefore, the deportment of its vapour may be inferred, and the influence <*t 
this agent in the phenomena of. meteorology anticipated and understood. 

The special bearing of chemical constitution on absorption is made the sui>- 
ject of a brief section. 

In the spring of 1862 coloured elementary liquids, embracing bromine ao<2 
dissolved iodine, were examined and found exceedingly pervious to the obscttT© 
heat-ravs. In the present investigation, special experiments are made with ** 
view of accurately determining the diathermancy of dissolved iodine. It is 
shown to be practically perfect for obscure rays. 

The influence of the temperature of the source upon the penetrative power o( 
heat-rays has been the subject of frequent discussion among philosophers. 
The arrangement adopted in this inquiry, which permits of our varying the 
temperature at will, while retaining throughout the same vibrating atoms, enable* 
U9 to put this question in a clearer light than usual. The platinum spiral is 
employed at a barely visible heat, at a bright red heat, at a white heat, and also 
at a heat close to fusion ; the variations of transmissive power consequent upon 
these changes of temperature being recorded. 

Experiments are described which show some very singular shiftings of the 
diathermic position of vapours consequent on varying the source of heat. 
Starting with a low heat, formic ether proves a more powerful absorbent than 
sulphuric ether ; but as the temperature augments they become equal, and at a 
white heat their positions are reversed. When the source is a blackened cube 
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of boiling water, formic ether also decidedly excels sulphuric in absorbent 
power. 

Chloroform, at all temperatures of the platinum source, shows itself a 
feebler absorber than iodide of methyl ; but when the source ia a cube coated 
with lampblack it becomes the more powerful absorbent. The differences in 
tbu quality of the emission from different solid bodies of the same temperature 
are thus strikingly Illustrated, various peculiarities of molecular vibration being 
at the same lime brought into view. 

The source is next changed to flames of different kinds ; luminous gas-jets, 
the pale blue flame of Buusen's burner, hydrogen flumes, and carbonic -oxide 
flumes beinjr nnnonnniTillj' invoked, The radiation from the incandescent carbon 
particles of the gas-flame is contrasted with that from whits-hot platinum. 
Other inversions of diniiii'nnir pu.-ition are- uinili- manifest. When a luminous 
aT»*>-jet ia the source, bisulphide of carbon is decidedly mare diathermic than 
chloroform ; when a Btuuen a flame is the source, or even when the (las-flame 
is much reduced in siae and brilliancy, chloroform i' decidedly more diathermic 
tlian bisulphide of carbon. The removal of the white-hot carbon particles from 
the gas-flame more than doubles the relative diathermancy of the chloroform. 
"VVhen, moreover, a carbonic-oxide flame is the source, sulphuric ether eiceli 
formic ether in absorption ; hut when the source is a hydrogen flame the formic 
ether excels the sulphuric. 

In every cafe here meniiuned the deportment of the vapour mat compared irith 
/Aot ofita liquid, awl it wan ('mini that wm/ change in (lie position of the one lent 
rwwm/umitrf by a corresponding change in the position of the other. 

The opacity of a gas or vapour to radiation from its own molecules has been 
frequently adverted to in these memoirs. To determine whether the radiation 
ftvuu a hydrogen flame, where we have aqueous vapour in a state of incandes- 
^nce, is intercepted with peculiar energy by the cold aqueous vapour of the 
"""■otsphere, special experiments were instituted. The result justified the trial ; 
for on ■ day when less than B per cent, of the heat from a red-hot platinum 
**"ire -was absorbed by moist air, as nearly as possible three times this quantity 
W «U( abforl)ed of the radiation from a hydrogen flame. The mere pluniiimj a 
I 'f'tma tpirat into the hytliuyni /fame duahUd the tranimiuion through humid 

The radiation from a carbonic-oxide flame through carbonic acid is a case of 
"•H lucre striking interest. Among the compound ga-i^, carbonic add is one 
*i»e feeblest absorbers. But when it receives the rays from its own sub- 
ice heated to incandescence, as in the carbonic-oxide (lame, its opacity is 
^^"anding. It far transcends olefiant gas, which for all ordinary radiations 
transcends it. So energetic is the action that the carbanie mid expired 
(':,' Imiiji and freed of its mi-Utun: intercqiU fully 50 per (int. if the railiu- 
*** from the carbonic-oxide Jlaine.- The method of experiment may be turned 
*«<wunt as a powerful anil delicate test of the amount of the exhaled carbonic 

a£ 



■** ia then remarked that the deportment of aqueous vapour towards the 
'<iriogEn flame and of carbonic add towards the carbonic-oxide flame, prove the 
™°l««<sules f the two flames, the one having a temperature of J1269* C, and the 
* '■■r * lempetature of 3043° C, to vibrate in synchronism with the molecules 
c * i lrf aqueous vapour and cold carbonic acid. 
* hataaAoat the memoir this conception of discord and accord, between the 
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period* of incident 
kept conatantlf in i 
hitherto withat "") 
iiiwr-!inj( iwulu, puh&efaed by Mellon and 

Tbo diathermancy of bodies «n« »° H|*» ft Mffi farther tSaeMei 
Forty-one per cent, of the ndktioa frm a hy drogen fli 
transmitted by opaqo* aoot ; and M» per wot. by opaque toe 

TI... ratlUtiun of dames through liquids w mad* die enhjt 

ie change, and meaning of the change, canard by the MtwdacticB dl 



it i tbo i 
J ba«H 




The following reasoning on the facta eetiUiahti in thia ■ 
a ooncliMton of theoretic importance. Froa* lb* singelar o t _ # . 

Um radiation of t hydrogen flame, the tynchjuniam of the molecule* of ihtu-jaid 
a ith those of tbr flame if inferred. 

Hut front it* opacity to the ultra-red undulations the ■ 
with the Linger ware* of the spectrum may also be inferred ; I 
fr-Mu lha hydrogen flame, which synchronise* with water, moM be mainly ill 
fed. 

It therefore follows that when a platinum wire is placced into hydroget si 
aajdaad to plow with a white heat; or when the oxyftydrogen jet rshwfir 
li dallling incandescence, the light is produced bye* 
■ are* of the hydrogen and oxy hydrogen flume* in 

\\ 1,1'ilii-r wo bare a vibrating atom of pea 



r of t)m lumiuiferoua wtber, the principle, it n c 
I. inferred that obscure radiant htaf, if it could be V 
p, would, like the hydrogen flame, be competent to r 

* ; in other words, to change its vibrating period in the i 



IW jlisk (r Nncludta with some remarks on the ci 

■ fcleiraylW experiments are adduced which indicate that they ai 

psaw! 

, m , t-n awjarr— ^ Milium Allen MihW argw this rafereao. sad paabaei i 
_1 1-3 t**wfl**T -f It »t himself after the pehBcati- rf the present sew, 1 
laataaew****"- The Hawisewo eew arrired at rth regard to ra-fieal 
^^.^baWrVIII. 
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77te Bakerian Lecture delivered be/ere the Royal Society, 
March 17, 1864» 



5 1. 

Preliminary Considerations. — Description of Apparatus. 
The natural philosophy of the future must, I imagine, mainly 
consist in the investigation of the relations which subsist 
between the ordinary matter of the universe and the aether in 
which thia matter is immersed. Regarding the motions of the 
*tfier itself, as illustrated by the phenomena of reflexion, re- 
daction, interference, and diffraction, the optical investigations 
°f the last half-century have left nothing to be desired ; but aa 
^gurds the atoms and molecules which take up, and from which 
^sue, the undulations of light and heat, and the relations of 
t«c*se atoms and molecules to the medium which they move, 
an <l by which they are set in motion, these investigations teach 
tx& little. To come closer to the origin of the (ethereal waves 
to get, if possible, some experimental hold of the oscillating 
^■tonis themselves — has been the main object of the researches 
141 *which I have been engaged for the last five years. In these 
'^searches radiant heat has been used as an instrument for 
e *I»loring molecular condition, and this also is the object kept 
instantly in view throughout the investigation, the results of 
^nich I have now the honour to submit to the scientific public. 

^iAuopkieal Transactiunt for 18<!4, p. 327. Philotophical MagaiiiK, December 
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me size as the former, and pierced with holes at its four cor- 
^rs, so as to enable it to slip over the four columns of the plate 
Both these plates are perforated bj circular apertures, 




« and o p, 1-35 inch in diameter. G H I is a third plate of 
'"i of the same area as D E F, aud, like it, haviug its centre 
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turners perforated. It is intended to come between 
i plates of rock-salt, which are to form the walls oi 
th* ettt, and its thickness determines that of the liquid la; 
T\»» when the plates ABC and D E F are in position, a si 
,■4 the farm of a shallow cylinder is enclosed between them, and 
- - ■■in be filled with am liquid through the orifiofl ■■■ 

tV si-paratiug plate G H I was ground with the utmost accn* 
t«<j, «nd the surfaces of the plates of salt were polished with 
m«vbo care, with a view to rendering the contact between the 
jgjl Mtd the brass water-tight. In practice, however, it was 
fewl necessary to introduce washers of thin letter-pape 
miM« the plates of salt and the separating plate. 

V» arranging the cell for experiment, the nuts q r 
„«fc-«Y««v.l. and a washer of india-rubber is first placed on 
i >.i this washer is placed oue of the plates of rock- 
. i 'u the salt ia placed the washer of letter-paper, and on 

Am v*m the separating plate GHI. A second washer of 
M*vr V» placed on this plate ; then comes the second plate of 
why ,<m which another india-rubber washer is laid. The j>l»t« 
I* V >' i* finally slipped over the columns, and the whole 
t .* .^uieut is tightly screwed together by the nutsjn'- 
VV+ ww of the india-rubber washers is to relieve the crushing 
VflMW which would be applied to the plates of salt if they 
.. :ual contact with the brass plates ; and the use oft** 8 
j-;** ««»Wn is, as already explained, to render the cell liqoi" - 
.^fcv After each experiment, the apparatus is unscrewed, t* 
l ill are removed and thoroughly cleansed ; the eel* 
•anted, and in two or three minutes all is ready f&& 
uncut. Q 

v ! necessity was a perfectly steady source of heat, 
intensity to penetrate the most powerfully absorber ^ 
" j. This was found in a spiral of platinum wire, render*^ 
,n\ by an electric current. The frequent use of ti^ 
heat led me to construct the lamp Bhown in fig. 1^ 
of glass 3 inches in diameter, fixed upon a staaC^ 
, be raised and lowered. At the top of the globe is • 
to which a cork is fitted, and through the cork pts^ 
*.!*» who** ends are united by the platinum spiral t. Th*- 
S oairied down to the binding-screws a b, which s— ^ 
,. t of the stand, so that when the ini 
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1 to the battery no strain is ever exerted on the wires 

h carry the Bpiral. The ends of the thick wire to which the 

J is attached are also of stout platinum ; for when it was 

ihed to copper wires, unsteadiness was ultimately intro- 

d through oxidation. The heat from the incandescent 

i issues by the opening d, which is an inch and a half in 

Behind the spiral, finally, is a metallic reflector, r, 

ii augments the flux of heat without sensibly changing its 

In the open air the red-hot spiral is a capricious 

f heat ; but surrounded by its glass globe its steadiness 

-able. 

i experimental arrangement will be immediately 

1 Cron i the sketch given in fig. 18. AiBthe platinum 

described, heated by a current from a Grove's 

i cells. It is necessary that this lamp should 

u perfectly constant throughout the day ; and to keep it 

.ngent galvanometer and a rheocord are introduced into 

3Ult. 

In front of the spiral, and surrounding the tubulure of its 

globe, is the tube B with an interior reflecting surface, through 

which the heat passes to the rock-salt cell C. This cell is 

placed on a little stage soldered to the back of the perforated 

s^een S S', so that the heat, after having crossed the cell, passes 

through the hole in the screen, and afterwards impinges on the 

thermo-electric pile P. The pile is placed at some distance 

"oio the Bcreen S S', so as to render the temperature of the 

^l C itself of no account, C is the compensating cube, con- 

^Tiing water kept boiling by steam from the pipe p. Between 

*™e cube C and the pile P is the screen Q, which regnlates the 

att) ount of heat falling on the posterior face of the pile. The 

***ole arrangement iB here exposed, but in practice the pile P 

^d. the cube C are carefully protected from the capricious 

^tion of the surrounding air. 

The experiments are thus performed. The empty rock-Bait 
Ce U C being placed on its stage, a double silvered screen (not 
8 * J own in the figure) is first introduced between the end of the 
^be B and the cell C — the radiation from the spiral being thus 
^•tally cut off, and the pile subjected to the action of the cube 
alone. By means of the screen Q, the total heat to be 
*^opted throughout the series of experiments is obtained : say 





ittidrawn until this radial 
ih..' cube, and the need! 
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[Tonometer points steadily to zero. The position of the donble 
reen, once fixed, remains subsequently unchanged, the slight 

d slow alteration of the source of heat being neutralized by the 
.eocord. Thus the rays in the first instance pass from the spiral 
ixragh the empty rock-salt cell. A small funnel, supported 
iltable stand, dips into the aperture leading into the 

1, and through this the liquid is poured. The introduction 

the liquid destroys the previous equilibrium, the galvano- 

ter needle moves, and finally assumes a steady deflection; 
d from this deflection we can immediately calculate the quan- 
"y of heat absorbed by the liquid, and express it in hundredths 

the entire radiation. 

For example, the empty cell being placed upon its stand, and 
needle being at 0°, the introduction of iodide of methyl 
■oduced a deflection of 308°. The total radiation on this 
casion was 44'2°. Taking the force necessary to move the 
»edle from 0° to 1" as our unit, the deflection 30-8° corre- 
x>nds to S2 such units, while the deflection 44'2° corresponds 

58-3 aueh units. Hence the statement 

fia-3 : wo ■■ St i 54-9, 

lich gives an absorption of 54 - 9 per cent, for a layer of liquid 
dide of methyl 0-07 of an inch in thickness. 



—orption of Radiant Beat of a certain Quality by eleven different 
Liquids at five different Thicknesses. 

The following table contains the results obtained in this 
WD ier with the respective liquids there mentioned. It em- 
^•ces both the deflection produced by the introduction of the 
^'d, and the quantity per cent, intercepted of the entire 
Nation. 

" has been intimated to me that the publication of such 
■"•toils as would enable a reader to judge of the precision 

finable by my apparatus would be desirable. In this paper, 
h to some extent, endeavour to meet this desire, without, bow- 
quitting the ordinary course of experiment. 





i a fcr less delicate galvanometer * 
i Uutt osed in my former researches. Tlie est* 
MMk on September 29, 1868, and on the foil * 
4^» *Wx mw repeated with the same result. 

Qi iWAw S$ «J ax** delicate galvanometer was at lO y 
**A , «*k ** 1 *x*cot*d ti*> experiments performed wit* 1 
,,-IJWI *•*. Ta* Wowing are the results : — 
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ide the results obtained with the delicate galvanometer 
aced those obtained with the coarser one. It is not my 
to push these measurements to the last degree of nicety ; 
vise the satisfactory agreement here exhibited might be 
still more exact. 

) following series of tables contain the results obtained 
iquid layers of various thicknesses, employing throughout 
Dst delicate galvanometer : — 



Table III. — Radiation of Heat through Liquids. 

Source of heat : red-hot platinum spiral. 
Thickness of liquid layer, 0*02 of an inch. 



Name of Liquid 








Deflection 


Absorption per 100 


o 
Bisulphide of carbon ... 4 


5-5 


Chloroform . • 






12 


16*6 


Iodide of methyl 








26 


86-1 


Iodide of ethyl 








27-5 


38 2 


Benzol . . , 








313 


48*4 


Amylene . , 








38 


68-3 


Boracic ether 








39 


61-8 


Sulphuric ether , 








395 


63-3 


Formic ether 








40 


65*2 


Alcohol 








40*5 


673 


Water . 








43-7 


807 


Total heat . 








48 


100 



Table IV. — Radiation of Heat through Liquids. 

Source of heat : red-hot platinum spiral. 
Thickness of liquid layer, 0*04 of an inch. 

Name of Liquid 

Bisulphide of carbon 
Chloroform . 
Iodide of methyl 
Iodide of ethyl 
Benzol . 
Amylene 
Boracic ether 
Sulphuric ether 
Acetic ether . 
Formic ether 
Alcohol 
Water . 
Total heat . 



Deflection 


Absorption per 100 


o 
61 


. 8-4 


18 


25 


33 


46*5 


35 


50-7 


87 


55-7 


40 


65-2 


41 


69-4 


42 


73-5 


42-1 


74 


42-5 


76-3 


43-2 


78-6 


45 


86*1 


48 


100 



coHTKmrriox? to moleculab physics. 



Table V. — Radiation of Heal through LujuieU. 
Source of heat: rtri-iot platinum spiral. 
Thickness of liquid layer, O'U of an inch. 
Kama at Liquid - 

Bisulphide of carbon 
Chloroform . 
Iodide of methyl 
Iodide of ethyl 
Benzol . 
Amyleno 
Sulphuric ether 
Acetic ether . 
Formic ether 
Alcohol 
Water . 
Total heat . 



Table VI. — Radiation of Heat through Liquid*. 

Source of heat : red-hot platinum tpiral. 
Thickness of liquid layer, 0-27 of an inch. 
Komn of Liquid Deflection Absorption per 

Bisulphide of carbon 
Chloroform . 
Iodide of methyl 
Iodide of ethyl 
Benzol . 
Auylm. . 

Sulphuric ether 
Acetic ether . 
Formic ether 
Alcohol 
Water . 
Total heat . 



The fo) 

table:— 



■going results are collected together in the foLlowir". 




j been desirable to push these measurements to the 
mit of accuracy, I should have repeated each experi- 
i taken the mean of the determinations. But consi- 
ie way in which the different thicknesses check each 

inspection of the table must produce the conviction 
results express; within small limits of error, the action 
>dies mentioned. The order of absorption is certainly 

shown. 

§ 3. 
« of Radiant Heat of the same quality by the Vapours 
of these Liquids at a covimon Pressure. 

uids, then, those bodies are shown to possess very 
capacities of intercepting the heat emitted, by our 
1 source ; and we have next to inquire whether these 
•a continue after the molecules have been released from 
. of cohesion. We must, of course, test vapours and 
y waves of the same period ; and this our mode of 
nt renders easy of accomplishment. The heat gene- 
i wire by a current of a given strength being invari- 
r as only necessary, by means of the tangent compass 
■cord, to keep the current constant from day to day 
to obtain, both as regards quantity and quality, an 
e source of heat. 

]uids from which the vapours were derived were placed 
long flasks, a separate flask being devoted to each. The 
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air above the liquid and within it being first carefully removed 
by an air-pump, the flask was attached to the experimental tube. 
This was of brass, 40*6 inches long, and 2*4 inches in diameter, 
it* two endfi being stopped by plates of rock-salt. Its interior 
lurfuce was polished. At the commencement of each experi- 
ment, the tube having been thoroughly cleansed and exhausted, 
the needle stood at zero.* The cock of the flask containing 
the volatile liquid was then carefully turned on, and the vapour 
allowed slowly to entor the experimental tube. The barometer 
attached to tin! lube was finely graduated, and the descent of 
the mercurial column was observed through a magnifying lens- 
When a procure of 0-5 of an inch was obtained, the vapour 
wu cut off tad the permanent deflection of the needle noted. 
Knowing tbt total heat, the absorption in lOOths of the entire 
radiation could be at once deduced from the deflection. The 
following tiibU' contains the results of a series of experiment 
Hindi) with the platinum spiral as source : — 

TahLK VIII. — Itaititttitm of Heat through Vapours. 
Boaree of Wt : rrJ-knt Platinum Spiral. 
Pressure, U'ft of to inch. 
(Unix vl V.ponr DrBoction Atwn|SiDii j«t 100 

HixrifHdsotMlfMI 
1'bk.mfiim . 
Imltdf of methyl 



§4. 

f Absorption of liquids at a common Thickness, and 
Vapours at a common Pressure. 

now in a condition to compare the action of a series 
liijuuU at a common thickness with that of the 

It imvanwir hi rwtmrk tint tb« priacipl* of cottptnutioa d™crib*d i* 
»"iii« ««■ MMj>ti'f*aj| h«M nbo. 



ours of those liquids at a common pressure upon radiant 
it. 

Commencing with the substance of the lowest absorptive 
nergy, and proceeding to the highest, we have the following 
of absorption : — 
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TJqiildl 


V*]»o» 


Binulphide of carbon. 


Bisulphide of carbon 


Chloroform. 


Chloroform. 


I.jdiili' of mHhjL 


Iodide of methyL 


Iodide of ethyl. 


Iodide of ethyl. 




Benzol. 


Amylene. 


Amylt>ne. 


Sulphuric ether. 


AlcohoL 


Acetic other. 


Formic ether. 


Formic ether. 


Sulphuric ether. 


Alcohol. 


Acetic ether. 


Water. 





Here, as far as amylene, the order of absorption is the same 

r both liquids and vapours. But from amylene downwards, 

ough strong liquid absorption is in a general way paralleled 

strong vapour absorption, the order of both is not the same. 

.ere is not the slightest doubt that next to water alcohol is 

most powerful absorber in the list of liquids ; but thera, iB 

t as little doubt that the position which it occupies in the 

it of vapours is the correct one. This has been established 

eiterated experiments. Acetic ether, on the other hand, 

igh certainly the most energetic absorber in the Btate of 

apour, falls behind both formic ether and alcohol in the liquid 

state. Still, on the whole, I think it is impossible to contem- 

■te these results without arriving at the conclusion, that 

act of absorption is in the main molecular, and that the 

molecule maintains its power as an absorber and radiator when 

't changes its state of aggregation. Should, however, any 

doubt linger as to the correctness of this conclusion, it will 

iwedily disappear. 



Order of Absorption of Liquids atid Vapours in proportional 
Quantities. 

A moment's reflexion will show that the comparison insti- 
tuted in the last section is not a strict one. We have taken the 





nuft*m heat are ti t Wi qdw 
the two cues ; udtomdaOt . 
to bejmportHiaaL Bis easy, oft 
the iSjaida be«p enan 
gravities give as the reli 
the radiant beat, awl fin 
can unmediatelv deduce ike 
vapour. Calling the quantity of 
and the Tolmne V, we bate 




Diridiog, therefore, the specific gravities of oar liquids by ' 
densities of their vapours, we obtain a series of volumes prop 
tiooal to the masses of liquid employed. The densities of bw 
liquids and vapours are given in the following table : — 



IX.— Table of Densities. 



Iodide of methyl 
Iodid* of ethyl 
Benad. 
An.yl™e . 
Alcohol 

Sulphuric ether 
Formic ether 
Acetic ether . 
Water . 
Air . 



Substituting for q the numbers of the second column, and 
d those of the first, we obtain the following series of vapi 
volumes, whose weights are proportional to the masses of liqi 
employed : — 
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X. — Table of Proportional Volumes. 



Bisulphide of carbon < 
Chloroform . 








0-48 
0*36 


Iodide of methyl 








0*46 


Iodide of ethyl . 
Benzol . . 








0-36 
0-32 


Amylene 
Alcohol 








0-26 
0-50 


Sulphuric ether . \ 
Formic ether . « 








0-28 
0-36 


Acetic ether 








0-29 


Water 








1-60 



Employing the vapours in the volumes here indicated, the 
lowing results were obtained : — 

Table XI. — Radiation of Seat through Vapours. 



«m retro vr* » c 

Name of Vapour 


IVVIU 


Pressure in parts 
of an inch 


Deflection 


Absorption 
per 100 


Bisulphide of carbon , 






048 


{Si} 


43 


Chloroform . 






0*36 


{IS} 


6*6 


Iodide of methyl 






0*46 


T20 «l 
\ 20-4 / 


10-2 


Iodide of ethyl . 






0-36 


/30-6\ 
\30-6J 


15 


Benzol • • 






0*32 


/33-4\ 
\331/ 


16-8 


Amylene . , 






0-26 


377 


19 


Sulphuric ether • . 






0-28 


f 42-51 
\42-6/ 


21-5 


Acetic ether 






0*20 


{«} 


22-2 


• 
Formic ether 






0*36 


( 44-5 \ 
I 44-7/ 


22-5 


Alcohol 






0-50 


(45 ? 
"J Ai.a » 


22-7 



iere the discrepancies revealed by our former series of el- 
ements entirely disappear, and it is proved that for heat of 
* same quality the order of absorption for liquids and their 
[>ours is the same. We may therefore safely infer that the 
&ition of a vapour as an absorber or radiator is determined 
that of the liquid from which it is derived. Granting the 
Udity of this inference, the position of water fixes that of 
Ueow vapour. From the first seven tables of this memoir, or 
ttn the riswrni of results in Table VII., it will be seen that 




214 COTTRIBCTIOyS TO MOLBCCLAK fSTSfS. 

for all thictn.jssea water exceeds the other liquids m the < 
of its absorption. Hence, if no single experiment oat the 
of water existed, we should be compelled to 
deportment of its liquid, that, weight for 
vapour transcends all others in absorptive power, 
the direct and multiplied experiments by which the 
this substance on radiant heat has been established, an 
h»Te before us a body of evidence sufficient. I trust, to Mtths 
question for ever at rest, and to induce the meteorologist to 
apply without, misgiving the radiant and absorbent propertraf 
aqueous vajiour to the phenomena of his science. 



«6. 

Remark* on the Chemical Congtitntio* of Bodia writ*, rrfera-a to 
their Power* of Aimrptum. 

The order and relative powers of absorption of our vipoma, 
when equal volumes are compared, are given in Table TTJX : tia 
chemical formula; of the substances, and the number of tiona 
which the molecules embrace, are as follows ; — 



Bitolphi.lt of Cubon C 8> 1 

Chlom&ra CHO 1 i 

LuliJmf mrthji ■ CB?I 6 

kxtiJs at rthjl C H* I S 

Iwqio. C*H* li 

Amvl.o. PH" U 

Al \.h, C? H' O 9 

tVrmiestaw <?H'0« 11* 

-ii't-hirir Wats PH»0 15 

Aortic rtsw. C'H'O' U 

Isnh-ttwSSt BPff'O' 13 

llotv tor ibej first six vapours, the radiant and absorb-^5\ 
ucttvva n«i:ivi»'nt with the number of atoms contained in tt- 
v*ofe,vnW. \Uvlu»l ami amylene vapours, however, are nes^**" g 
*iiV tu absorptive p-'wer. the molecule of amylene "containi^^VjY 
kv 4^ w «*UiU' that of akvhol embraces only 9. But in alcot***^ ^. 
^.X.w** lhml eleineut imrv\hKvd,wbieh is absent in the ant^-^^ 
v ' v ,.v»^tt of tlw *kva*>l gives its molecule a characb^^ 

v J* v^W** " tv * tf»u*Wttd the amylene molecule, though tf*^^ 
. „ vV M,Mt»* (W £<v*t*r uttu»ber of atoms. Here the idea * *^ 
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luatilij superadds itself to that of number. Acetic ether also 
1ms a smaller number of atoms in its molecule than sulphuric 
ether; the latter, however, has but one atom of oxygen, while 
the- former has two. Formic ether and snlphuric ether are 
■Imoat identical in their absorptive powers for the heat here 
employed ; still forniie ether has but 1 1 atoms in its molecule, 
while sulphuric has 15. But formic ether possesses two atoms 
of oxygen, while sulphuric possesses only one. Two things 
stem influential on the absorbent and radiant power, which 
may he expressed by the terms multitiule and complexity. As a 
molecule of multitude, amylene, for example, exceeds alcohol; 
M a molecule of complexity, alcohol exceeds amylene ; and in 
this case, as regards radiant and absorbent power, the com- 
plexity is more than a match for the multitude. The same 
reiimrts apply to sulphuric and formic ether : the former excels 
in multitude, the latter in complexity, the excess in the one 
*a*e almost exactly balancing that in the other. Adding two 
atoms of hydrogen and one of carbon to formic ether, we 
obtain acetic ether, and by this addition the balance is turned; 
8* though acetic ether falls short of sulphuric ether in lnulti- 
'"J'.'. it transcends it in absorbent and radiant power. Out- 
ending from all others, when equal volumes are compared, 
a "d signalizing itself by the magnitude of its absorption, we 
•"•■Ve boracic ether, each molecule of which embraces no less 
"•an 25 atoms. The time now at my disposal enables me to do 
"ttle more than glance at these singular facts ; but, in passing, 
* *Hust direct the attention of chemist* to the water- molecule 
*** power as a radiant and an absorbent is perfectlv unpre- 
cedented and anomalous, if the usually recognized formula be 
Wtrreet. 



5 7. 
Urn of Radiont Heat through Bodies opaque to Lujht.— 
itrmttrli* on the Phyrical Covte nf Tran-sjjarcncy and Opacity, 

In Table II. a fact is revealed which is worth a littlo 

further attention. The measurements there recorded show that 

ption of a layer of iodide of methyl, strongly coloured 

with iodine (which had been liberated by the action nf light) 

was precisely the same as that of a perfectly transparent 1 



T - 
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Bisulphide of carbon is commonly used to fill hollow prisms, 
i'lerable dispersion ia desired in the decomposition of 
; ;t. Such prisms, filled with the opaque solution, inter- 
im the luminous part of the spectram, but allow the 
ultra-red rays free passage. A heat-spectrum of the sun, or of 
the electric light may be thus obtained entirely separated from 
the luminous one. By means of a prism of the transparent 
bisulphide, I determined the position of the spectrum of the 
tight upon a screen, and behind the screen placed a 
thermo-electric pile, so that when the screen was removed the 
oltra-red rays fell upon the pile. I then substituted an opaque 
ism for the transparent one : there was no visible spectrum 
the screen ; but ita removal at once demonstrated the 
existence of an invisible spectrum by the thermo-electric 
torrent which it generated, and which was powerful enough 
dash violently aside the needles of a large lecture-room 
dvanometer. 

To what, then, are we to ascribe the deportment of iodine 
towards luminous and obscure heat ? The difference between 
both (realities of heat is simply one of period. In the one case 
he waves which convey the energy are Bnort and of rapid re- 
currence ; in the other case they are long and of slow recur- 
; the former are intercepted by the iodine, and the latter 
a *e allowed to pass. Why ? There can, I think, be only one 
•answer to this question — that the intercepted waves are those 
whose periods coincide with those of the atoms of the dissolved 
MHline. Supposing waves of any period to impinge upon an 
a sseml/lage of molecules of any other period, it is, I think, 
physically certain that a tremor of greater or less intensity will 
hft set up among the molecules ; but for the motion to aceu- 
*»wfotc so as to produce sensible absorption, coincidence of 
Period is necessary. Briefly defined, therefore, transparency is 
a yionymous with discord, while opacity is synonymous with 

1 "■"'■■ ■'■</ U tween the periods of the waves of aether and those of 
*"* molecules of the body on which they impinge. The trans- 
parency, then, of our solution of iodine to the ultra-red undu- 
'iti<ms demonstrates the incompetency of its atoms to vibrate 
] a tin-son with the longer waves. 
Tliis simple conception will, I think, be found sufficient to 
with intellectual clearness through a multitude of 






otherwise perplexing phenomena. It may of conree be applied 
inmiedi.itely to that numerous class of bodies which are transpa- 
rent ti> light, but opaque in it greater or less degree to radiant 
heat. Water, for example, is an eminent example of thU class 
of bodies : while it allows the luminous rays to pass with free- 
dom, it is highly opaque to all radiations emanating from obscure 
sources of heat. A layer of this substance one-twentieth of ui 
iiu'li t hit k is oompetent, as Melloni has shown, to intercept ill 
rays issuing from bodies heated under incandescence. Hence 
wi- in ii v infer ili.it, throughout the range of the visible spectram, 
the periods of the water-molecules are in discord with thosecf 
thf utlii'iv;il nuves, wink- beyond the red we have eoiwanasM 
between both. 

Wh;i! is true of water is, of course, true in a less degreeot 
glass, alum, calcareous spar, and of the various liquids nanwi 
in the first section of this paper. They are all in discord with 
the visible spectrum ; they are all more or less in accord with 
the ultra-red undulations of the spectrum. 

Thus also as regards lampblack: the blackness of the sub- 
stance is due to the accord which reigns between the oscillating 
periods of its atoms and those of the waves embraced withi* 1 
the limits of the visible spectrum. The substance which * 3 
thus impervious to the luminous rays is moreover the very oi»* 
from which the whitest light of our lamps is derived. It caw* 
absorb all the rays of the visible spectrum; it can also em-^* 
them. But though in a far less degree than iodine, lampblack - 
is also to some extent transparent to the longer nndulaiion ^= 
Melloni was the first to prove this ; and an experiment d^^ 
scribed in a former memoir proved that 30 per cent, of tt- -»- 
radiation from an obscure source of heat found its way thron^C 
a layer of lampblack which cut off totally the light of the roc» e 
brilliant jet of gas. I shall have occasion to show that, I** 3 
certain sources of heat of long period, between 40 and 50 P 
cent, of the entire radiation is transmitted by a layer of lai*** 
black which is perfectly opaque to our most brilliant artifi*^ * 
lights. Hence, in the case of lampblack, while accord axi ^ 
between the periods of its atoms and those of the lig^ 
exciting waves, diseord, to a considerable extent, exists W-^ 
tween the periods of the same atoms and those of the tilt*** 
red undulations. 
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§ 8. 

Influence of the Temperature of the Source of Heat on the Trans- 
mission of Radiant Heat. 

To obtain sources of heat of different temperatures, Melloni 
resorted to lamps, to spirals heated to incandescence by the 
flame of alcohol, to copper laminse heated by flame, and to the 
surfqpes of vessels containing boiling water. No conclusions 
regarding temperature can, as will afterwards be shown, be 
drawn from such experiments ; but by means of the platinum 
spiral we can go through all those changes of temperature, 
retaining throughout the same vibrating atoms, and we can there- 
fore investigate how the alteration of the rate of vibration 
affects the rate of absorption. The following series of ex- 
periments were executed on the 9th of October, with a plati- 
num spiral raised to barely visible redness, and vapours at 
a pressure of 0*5 of an inch : — 

Table XII. — Radiation of Heat through Vapwirs. 

Source of Heat : Platinum Spiral barely visible in the dark. 

Name of Vapour Deflection Absorption per 100 



o 



Bisulphide of carbon • • • .7*5 6*5 1 

Bisulphide of carbon .... 7*45 64 / 

Chloroform 10*5 91 \ 

Chloroform 10-5 91 J 

Iodide of methyl 145 12*51 

Iodide of methyl 14*5 12*5 J 

Iodide of ethyl 24*2 209 1 

Iodide of ethyl 24*5 21*1 J 

Benzol 310 267 \ 

Benzol 30 25*9 J 

Amylene 376 3561 

Amylene 37*8 359 J 

8ulphuric ether 411 43*41 

Sulphuric ether 41 43*4 J 

Formic ether 41*7 45 "1 

Formic ether 418 46*3 J 

Acetic ether 43*6 498 

Acetic ether . • • • . ■ . 43*4 49 



» 
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On the 10th of October the followii% results were obtain 
with the same platinum spiral, raised to a white heat : — 

Table XTTT. — Radiation of Heat through Vqtpours. 

Source of heat : White-hot Platinum Spiral. 

Kama of Vapour Deflection Absorption per li 

o 
Bisulphide of carbon . ... 8*6 2*9 \ 

Bisulphide of carbon . ... 8*4 28 / 

Chloroform % 6*7 5*6*1 • 

Chloroform 6*7 6*6/ 

Iodide of methyl 9*2 771 

Iodide of methyl 9*4 7*9 / 

Iodide of ethyl 15*4 18 1 

Iodide of ethyl . . . - . . .16 126/ 

Benzol 19*8 166 \ 

Benzol 19 16*4 J 

Total heat 69*2 100 



;> 



Amylene 27*6 22'6 

Amylene 277 22 

Formic ether 806 26 ^ 

Formic ether 807 26*2/ 



Sulphuric ether 81*4 2 *" 7 '1 

Snlphuric ether 317 260/ 

Acetic ether 88 27 "I 

Acetic ether 88*2 273 J 

Total heat 60 100 

With the same spiral, brought still nearer to its point ° 
fusion, and with four of the vapours, the following results w^ 
obtained : — 

Table XIV. — Radiation of Heat through Vapours. 

Source of heat : Platinum Spiral at an intense white heat. 
Name of Vapour Deflection Absorption per 1 



o 



Bisulphide of carbon .... 14*5 2*51 

Bisulphide of carbon .... 14*5 2*6/ 

Chloroform 23 3 9 

Chloroform 23 39 

Formic ether 60*4 213 

Formic ether 60*5 21' 

Sulphuric ether 62*3 236 \ 

Sulphuric ether 625 23*8/ 

Total heat 82 7 100- 






In the experiments recorded in the foregoing table, a total 
heat of 82*7°, or 588 units, was employed ; and to test whether 
the absorption calculated from this high total agreed with the 
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sorptions calculated from a low total, a portion of the current 
B diverted, the branch passing through the galvanometer 
>ducuig a deflection of 49 '4°. Thia corresponds to 77 units. 
.e source of heat, it will be observed, is here quite unchanged ; 
i rajs are of the same quality, and pass through the tube hi the 
ne quantity as before ; but in the one caae the absorption is 
.culated from the deflection among the high degrees, and in 
j other case it is calculated from deflections among the low 
grees of the galvanometer. 

The experiments were limited to formic and Bulphuric ether, 
tbi the following results : — 

rwucrk,.. Absorption Ahtf>ro'Jori from 



Sulphuric ether 19*1 248 237 

ie agreement is such as lb prove that no material error can ■ 
ve crept into the calibration. 

^lacing the results obtained with the respective sources side 
side, the influence of temperature on the transmission comes 
t in a very decided manner. 



Table X^ 


. — Absorption of 


Heat bij Vapoun 






Premur", 0*5 of fl 


inch. 








Bonn 


*Dft,«.t: riM.un Spin, 






Barely 




Nor' 












Bisulphide of cartio 




e-e 


4-7 2-9 


2-5 


Chloroform * 




91 


63 .10 


S-9 


Iodide of rnelh-fl 




12*5 


9-6 7:8 




Iodide of Hlivl 




21 


177 12-8 




Bcnstol . 




20-3 


20-6 165 




Am-flena . 




3S8 


276 227 




Sulphuric ether 




434 


31-4 25-9 


21-7 


Formic «htr . 




45*2 


319 25*1 


21-1 


Acetic rtlicr 




49*6 


348 272 





The gradual augmentation of penetrative power as the tem- 
-*"ature is augmented is here very manifest. By raising the 
'iral from a barely visible heat to an intense white heat, we 
<3ace the absorption, in the cases of bisulphide of carbon and 
roform, to less than one-half. At barely visible redness, 
Mver, 56-6 and 54-8 per 100 pass through sulphuric and 
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formic ether respectively; while, of the intensely white-liol 
spiral, 76*8 and 78*7 per 100 pass through the same vapour* 
By augmenting the temperature of solid platinum, we introdn*^ 6 
into the radiation waves of shorter period, which, being i^ 
discord with the periods of the vapours, get more easily through 
them. 

What becomes of the more slowly recurrent vibrations as tim— € 
more rapid ones are .introduced P Do the latter take the plac^ 
of the former P This question is answered by experiment 
made with an opaque solution of iodine, and with lampblacl 
As the temperature of the platinum spiral increases from ^ 
dark heat to the most intense white heat, the absolute quantity 
transmitted through both these bodies steadily augments. Bcmt 
this heat is wholly obscure, for both the solution and the lamp-- 
black intercept all the luminous heat. Hence the conclusion 
that the augmentation of temperature which introduces tb*e 
shorter waves augments at the same time the amplitude of tb.e 
longer ones, and hence also the inference that a body like tfu 
sun must of necessity include in its radiation waves of the same 
period as those emitted by obscure bodies. 

• 

§ 9. 

Changes of Diathermancy through Changes of Temperature. — 
Radiation from Lampblack at 100 c C. compared with that from 
white-hot Platinum. 

Bunning the eye along the numbers which express the 
absorptions of sulphuric and formic ether in Table XV., we 
find that, for the lowest heat, the absorption of the letter 
exceeds that of the former; for a bright red heat they are 
nearly equal, the formic still retaining a slight predominance ; 
at a white heat, however, the sulphuric slips in advance, and 
at the heat near fusion its predominance is decided. I have 
tested this result in various ways, and by multiplied experiments* 
and plaoed it beyond doubt. We may at once infer from it* 
that the capacity of the molecule of formic ether to enter into 
rapid vibration is less than that of sulphuric. By augmenting 
the temperature of the spiral we produce vibrations of quicker 
periods, and the more of these that are introduced, the 
more transparent, in comparison with sulphuric ether, doe* 
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c ether become. Thus its ' complexity ' tells upon the 
Aug periods of the formic ether, the atom of oxygen 
i it possesses in excess of the sulphuric ether rendering 
lore sluggish vibrator. Experiments made with a source 
2° Fahr. establish more decidedly the preponderance of 
irmic ether for slow vibrations. 

Table XVI. — Radiation through Vapourt, 

Sourco of hcut : Las!ic't Cvhe, coatict with Lampblack. 
Temperature, 212° Fahr. 
Vane ol Vapour Abtoipllon per 1O0 

Bisulphide uf carbon (3 4 

Iodide of mcthjl 18* 

Chloroform 196 

Sulphuric ether 5i"8 

Formic ether 609 

neat issuing from this source, the absorption of formic 
is 6-1 per cent, in excess of that of sulphuric. 

eming the result worthy of rigid confirmation, I once 
determined the order of absorption : — - 



' 



Table XVII. 

■a of heat : Letlit'i Cuhe, coaled vrith Lampblack. 

Temperature, 212° Fahr, 
col Vapour Deflection! 



Bisulphide of carbon 9*3 

Iodide of methyl 2a 

Chloroform 26 5 

Sulphuric ether 47'3 \ 

Sulphuric ether 477 > 

Formic ether iS7 ) 

Formic ether 49-9 ( 

ien the absorptions were calculated from these deflections, 
of formic ether was found to be 6-3 per cent, in excess ot 
jf sulphuric. In the last table the excess was 6*1. 
t in both Tables XVI. and XVII. we notice another case 
rersal. In all the experiments with the platinum spiral 
ded in Table XV., chloroform showed itself less energetic 
i absorber than iodide of methyl ; but in Tables XVI. and 
I, chloroform proved to be decidedly the more powerful of 
wo. Cases of this kind have, in my estimation, a peculiar 
ificance, and I therefore took care to verify them. Three 
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different series of experiments with the rancors in q 
were therefore executed, with the following resorts:— 

Table XVIII.— Badiat ion ikroMoh Fapmitt. 

SolUM of heat : BlatiauJ C*br tf fl.T Jl«J IT*ar. 



Bisuiphitii- of carbon 
Ir.l jrlt of methjl 



Sulphuric rthtt . 



Were it essential to my purpose, I should certainty be »^ 
to cause even the small differences which here show tLeniselw 
to disappear. Bat the agreement is such as to place the col 
rectness of the experiments beyond doubt. It trill be am 0* 
contrary to the retvltt obtained vitk a vkite-kot * 
ease*, wkere a blackened cube of boiling water i 
chloroform exceed* iodide of mHhyl, and j 
tntpkurie in absorbent power. 

To clench the demonstration, I once more i 
white-hot spiral, and obtained the following n 

Table XIX.— Badimtion tkronek 1 



iniMtfelt IS 

lfrt 

U-I 

4M 

Mr *»* 

tar *JS 

Total hat f* 

Here chloroform retreats owe more bdund iodide of a 

and formic ether behind solphnric. 

a**** nf Dim&etmmKy tfcr~t4 Cktnfe if £ 

, Piatinmn aW^ X — f Us f* 1 C 



TV positions «f aa J phw ri c and formic i 
irithin the range of the e jjwaJ M»ow«i made with the j 
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il, bat this is not the case with the chloroform and the 
le of methyl. Even when the spiral was at a barely 
ile heat, the iodide was decidedly the most opaque of the 
The same result was obtained with a spiral heated below 
less, as proved by the following figures : — 

Eimeof V»ponr Deflection Afcuorptlon per 100 

Chloroform 85 11-H 

Chloroform 8-5 12-H 

Iodide of mothjl ID H'2S 

Iodide of metijl 10 U-28 

Total beat 47'3 100 

^ere the iodide is still predominant. Is it, then, a question 
tmperature merely ? or is there a special flux emitted by the 
pblack, to which chloroform is particularly opaque? In other 
us, is there a special accord between the rates of vibration 
ampblack and chloroform? To answer this question I 
rated thus :— The platinum spiral was heated by only two 
i, and the strength of this current was lowered by the 
oduction of resistance. When decidedly below a red heat, 
spiral was plunged into boiling water. Bubbles of steam 
ed from it, proving that its temperature was above 212° 
r. By augmenting the resistance its heat was lowered, 
J it was no longer competent to produce (he least ebullition, 
ras then withdrawn from the water, and employed as a 
■ce : the following are the results : — 

Table XX. — Radiation through Vapours. 

Source of heat : Platinum Spiral at 100° C. 
Kins* of Vapour Inflection Absorption pa 100 

Bisulphide of CHi-Iion. 6-7 7*03 

Chloroform 14 16 8 

Iodide of mtlhyl 1S'3 18 

reversal was here obtained. The temperature was then 
uced so that the total heat fell from 81 units to 59 units ; 
inot even in this case (when the temperature was consider- 
lj below that of boiling water) could the reversal be obtained, 
>e absorptions approach each other, but the iodide has still 
e advantage of the chloroform. Here are the numbers s — 
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Tabli XXL — Radiation through Vapours. 

Soar* of bml : JUina ^M, JUf frrf mabr 100 J C 



It is not, therefore, temperature alone which determines the 
inversion : the experiments prove that there is a greats 
synchronism between the vibrating periods of chloroform mi 
lampblack than between those of chloroform and platinum 
raised to the temperature of the lampblack. It is seen, however, 
that as the temperature of the platinum falls, the opacity of 
the chloroform increases more quickly than that of the iodide: 
with aa intensely white-hot spiral, as shown in Table 5XI-, 
the absorption of chloroform is to that of the iodide as 100 : 16* 
while with the spiral heated to a temperature of 212° Fahr, 
the ratio of the absorption is as 100 : 105. 

5 n. 

Rmd>*twn rrom Flawm through Vapour*.— Further Change* of 
Diathermancy. 

We hare hitherto occupied oarselres with the radiation from 
hesrted solids : I will now pass on to the examination of the 
radiation from names. The first experiments were made with 
a steady jet of gas issuing from a small circular burner, the 
flame being long and tapering. The top and bottom of the 
name were excluded, and its most brilliant portion was chosen 
as the source of heat. The following results were obtained:— 

Tabli XXII. — Radiation of Hmt through Vapourt. 

Ml: A kifUf Immimma M ./ G**. 
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q facilitate the comparison of the white-hot carbon with 
white-hot platinum, I have here placed beside the results 
tie last table those recorded iu Table XIII. The emission 
i the flame is thus proved to be far more powerfully absorbed 
t the emission from the spiral. Doubtless, however, the 
»n, in reaching incandescence, passes through lower stages 
*mperature, and in those stages emits heat more in accord 
bthe vapours, It is also mixed with the vapour of water 
, carbonic acid, both contributing their quota to the total 
iation. It is therefore probable that the greater accord 
ween the periods of the flame and those of the vapours is 
i to the slower periods of the substances which are unavoid- 
F mixed with the incandescent carbon, 
die next source of heat employed was theflanie of a Bunsen's 
wr, the temperature of which is known to be very high. 
s flame was of a pale-blue colour, and emitted a very feeble 
it. The following results were obtained ; — 



Table XXIII. — Rwiintion of Heat through Vapours. 

Source of beat: Po/t-Mnr F/amr of Bii'isen's Burner. 



Chloroform . 
Sulphide of mrbon . 
Iodid* of ethyl . 
Beniol 

Sulphuric ether . 



Comparing Tables XXII. and XXIII., we see that the radia- 
i from the Bunsen's burner is, on the whole, less powerfully 
orbed than that from the luminous gas jet. In some cases, 
in that of formic ether, they come very close to each other ; 
the case of amylene and a few other substances they differ 
ire markedly. But an extremely interesting case of reversal 
re shows itself. Bisulphide of carbon, instead of being first, 
lads decidedly below chloroform. With the luminous jet, 
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■-.:". "v:::~e in the ease of a pto* 
- ■r*-s. :: a luminous cas-thm?? 
v ....'.c j.-futo.l to 212'FaLr. the 
■■■ s -'.:a: :■: bisulphide of carbon. 
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§ 12. 

iation of Hydrogen Flame through Dry and Humid Air. — 
Influence of Vibrating Period on the Absorption. 

lie main radiating bodies in the flame of a Bunsen's burner 
no doubt, aqueous vapour and carbonic add. Highly 
ed nitrogen is also present, which may produce a sensible 
t : the unburnt gas, moreover, in' proximity with the flame, 
warmed by it, may contribute to the radiation, even before 
lites with the atmospheric oxygen. But the main source of 
•adiation is, no doubt, the aqueous vapour and the carbonic 
. I wished to separate these two constituents, and to study 
1 separately. ' The radiation of aqueous vapour could be 
ined from a flame of pure hydrogen, while that of carbonic 
could be obtained from an ignited jet of carbonic oxide, 
me the radiation from the hydrogen flame possessed a 
diar interest ; for, notwithstanding the high temperature 
ich a flame, I thought it likely that the accord between its 
ods of vibration and those of the cool aqueous vapour of the 
osphere might be such as to cause the atmospheric vapour 
xert a special absorbent power. The following experiments 
this surmise : — 

Table XXIV. — Radiation through Atmospheric Air. 

Source of heat : A Hydrogen Flame, 

* 
Deflection Absorption per 100 

o 
Dry air 

Undriedair 21-5 17*20 

•Total heat 604 100 

is, in a polished tube 4 feet long, the aqueous vapour of our 
>ratory air absorbed 17 per cent, of the radiation from the 
rogen flame. Of the radiation of a platinum spiral, heated 
electricity to a degree of incandescence not greater than 
t obtainable by plunging a wire into the hydrogen flame, 
undried air of the laboratory absorbed 

6*8 per cent, 

one-third of the quantity absorbed when the flame of 
kogen was employed. 
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• 

T&: zZuxxspug of a spiral of platinum wire into the bne 

?*£»:» its teapentue; but it at the same time introduces 

▼-..rcations which u%»ot in accord with those of aqueous upon: 

tie absorption by wdi—it vndried air of heat emitted bj this 

composite source amounted to 



On humid days the absorption of the raji emitted bj t hy- 
drogen flame exceeds even the above large figure. Emptying 
the same experimental tube and a new bonier, the experiment! 
were repeated some days robseqacntly, with the ftDowng 
result: — 

Table XXV.—RadUtum Onmgk Air. 

Source of best: 



Pnr air 

l"**rwd*ir JO-I 

Tccal h*»: 100 



Che undried air here made use of embraced the carbonic acid 
,»»' ' ho .iraeuwhen? : the air was afterwards conducted through * 
uvv ,vit:a:v.in£ a solution of caustic potash, in which & e 
„.«\;iv waI was intercepted, while the air charged itse» 
^ ; y . -.V Additional moisture. The absorption then observ^ 
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>x .. *v radiation. The exact agreement of this witht^ 
i , * x . ' v .*r\vxi^*, a- accident : the additional humidity^ 
\ , aI tVcr- tie section ci rctash happened to coir^ 
. , * i Lv a^ticc v : the Afcrcc^ic Acad wiihirawn. 
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Table XXVI. — Radiation through Atmospheric Air. 
Source of heat : Carbonic-oxide Flame (very email). 

Deflection Absorption per 100 

Dry air 

Undriedeir 10 161 

Total heat 100 

Of the beat emitted by carbonic acid, 16 per cent, was 
absorbed by the common air of the laboratory. After the air 
had been passed through sulphuric acid, the aqueous vapour 
being thus removed while the carbonic acid remained, the 
absorption was 

13 -8 per cent. 

An india-rubber bag was filled from the lungs ; it contained 
therefore both the aqueous vapour and the carbonic acid of the 
breath. It was then conducted through a drying apparatus, 
tie mixed air and carbonic acid being permitted to enter the 
e *perimental tube. The following results were obtained : — 





Source of heat : Carbonic-oxide Flame. 


Pressure In inches 


Deflection 


Absorption per 100 


1 




o 
72 


12 


3 




15 


25 


5 




20 


83*3 


80 




80*8 


50 


Total heat 









"3?hus the tube filled with dry air from the lungs intercepted 
*** per cent, of the entire radiation from a carbonic- oxide flame. 
**• is quite manifest that we have here a means of testing with 
8v ***pas8ing delicacy the amount of carbonic acid emitted under 
v ^-x*ious circumstances in the act of expiration.* 

That pure carbonic acid is highly opaque to the radiation from 
fl*e carbonic-oxide flame, is forcibly evidenced by the results 
recorded in the following table : — 

* My late assistant, Mr. W. F. Barrett, subsequently carried out this notion. See 
Article ' On a Physical Analysis of the Human Breath/ Philoeophical Magazine, voL 
*XriiLp. 108. 
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Table XXVIII. — Radiation through dry Carbonic Acid. 

Source of heat : Carbonic-oxide Flame. 



Pressure in Inches 

• 


Deflection 


Absorption per 100 


1 


o 
83-7 


63 


2 


87 


617 


8 


88*6 


66-9 


4 


89*4 


70 


6 


40 


72-3 


10 


41*4 


78-7 



About four months subsequent to the performance of tb 
experiments they were repeated, using as a source of heat 
much smaller flame of carbonic oxide. The absorptions w 
found somewhat less, but still very high. They follow in 
next table. 

Table XXIX. — Radiation through dry Carbonic Add. 

Source of heat : Small Carbonic-oxide Flame. 



Pressure in Inches 


Deflection 


Absorption per 100 


1 


o 
17-8 


48 


2 


20 


65-5 


8 


21-7 


60'S 


4 


228 


65-1 


5 


24 


68-6 


10 


26 


74-8 



For the rays emanating from the heated solids employed 
all my former researches, carbonic acid proved to be one of Htm- o 
most feeble of gaseous absorbers; but here, when the wa?^ 5 * 
sent into it emanate from molecules of its own substance, ifc^ 8 
absorbent energy is enormous. The thirtieth of an atmospher* - "* 
of the gas cuts off half the entire radiation ; while at a pressm^"" - * 
of 4 inches, nearly 70 per cent, is intercepted. 

§14. 

Comparative Radiation of Carbonic-oxide Flame through Carbon^' c 

Acid Qa$ and Olefiant Qas. 

The energy of olefiant gas, both as an absorbent and a radian^fc 
is well known to the reader of these memoirs ; for the aoli-<? 
sources of heat just referred to, its power is incomparably 
greater, whpe for the radiation from the carbonic-oxide flame 



i 
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its power is far feebler than that of carbonic acid. This is 
proved by the following experiments : — 

Table xxx. — Radiation through dry Olefiant Gas. 

Source of heat : Carbonic-oxide Flame. 

» 
riewuitt in inches Deflection Absorption per 100 

1 17 24-2 

2 26 871 
4 33 €9*1 

Total heat . . . 47*3 100 

Four months subsequent to the performance of the above 
-^periments, a second series were made with olefiant gas, and 
i»o following results obtained : — 

Table XXXI. — Radiation through dry Olefiant Gas. 

Source of heat: Small Carbonic-oxide Flame. 
Preeenn in inchei Deflection Absorption per 100 From Table XXIX. 

1 1°1*4 23-2 48 

2 17 34-7 65*5 

3 216 44 60'3 

4 24*8 60-6 65*1 

5 27 651 68*6 
10 82-1 65*5 74/3 

• 

^Besides the absorption by olefiant gas, I have placed that by 
^^^bonic acid derived from Table XXIX. The superior power 
°^ the acid is most decided in the smaller pressures ; at a pressure 
°f k an inch it is twice that of the olefiant gas. The substances 
a Pproach each other more closely as the quantity of gas aug- 
^^nts. Here, in fact, both of them approach perfect opacity ; 
^**d ajS they draw near to this common limit, their absorptions, 
^ a matter of course, approximate, 

§ 15. 

Jtadiation of Hydrogen Flame through Carbonic Acid Gas and 

Olefiant Gas. 

A comparison of these results with the radiation of a hydro- 
gen flame through carbonic acid gas and olefiant gas respec- 
tively, brings out with great distinctness the differences of 
the radiant qualities of the two flames. 



Table XXXII. — Radiation through Carbonic 

Somoe of heat : Hydrogen Flams. 



id Out. 



Preestm In inches 

1 
2 

4 
80 
Total heat . 



SwUOOQB 

O 

6*5 

9-5 
11 
19 
48 5 



74 
12*8 
14*9 

257 
100 



Table XXXTTT.— Radiation through defiant Que. 

Source of heat: Hydrogen Flams, 



Proven In inches 

1 
2 

4 
80 
Total heat 



Deflection 

o 
12 

18 

24 

88*5 

. 48*5 



Absorption per 100 Tnax Table «»»», 



16-2 
24*8 
82*4 
68-8 
100 



7* 

12*8 
14*9 
267 
100 



A comparison of the last two columns, one of which is 
ferred from Table XXXTL, proves the absorption of the 
from a hydrogen flame by defiant gas to be about twice thaft of 
carbonic acid ; while, when the source of heat was a carbonio- 
oxide flame, the absorption by carbonic acid at small plea- 
sures was more than twice that of defiant gas. 

The temperature of a hydrogen flame, as calculated bj 
Bunsen, is 3259° C, while that of a carbonic-oxide flame i* 
3042° C. The foregoing experiments demonstrate that accord 
subsists between the oscillating periods of these sources of he*** 
and the periods of aqueous vapour and carbonic acid at a tenc*- 
perature of 15° C. The heat of these flames goes to augme*** 
the amplitude, and not to quicken the vibration. 



£ 



'<te- 



si 



§ 16. 

Radiation of Carbonic-oxide Flame through Carbonic Oxide, an*? 
of Bisulphide-of-Carbon Flame through Sulphurous Acid. 

Sent through carbonic oxide, the radiation from the carbonic* 
oxide flame gave the following absorptions : — 
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Table XXXIV. — Radiation through Carbonic Oxide. 

Source of heat : Carbonio-oxide Flame. 
ruiuii in inches Deflection Absorption per 100 

1 18 29 

2 27 43*5 
4 34 66-4 

10 87'3 65*5 

"X?he absorptive energy is here high — higher, indeed, than 

t * x ^.'ft of defiant gas; but it falls considerably short of that 

0: ^ carbonic acid. This result shows that the main radiant in 

*** x ^ flame is its product of combustion, and not the carbonic 

0: ^i«le heated prior to combustion. # 

"3?o examine the radiation through sulphurous acid of a 
^**-*3ie whose product of combustion is sulphurous acid, I re- 
BO: **ted to the flame of bisulphide of carbon. Here, however, 
^^ had carbonic acid mixed with the sulphurous acid of the 
**-^xne. Of the heat radiated by this composite source of heat, 
"k*x«3 absorption by an atmosphere of sulphurous acid amounted to 

60 per cent. 

^te gas was sent from its generating retort through drying- 
t>t*bes of sulphuric acid into a glass experimental tube 2*8 feet 
long. The comparative shortness of the tube, and the mixed 
character of the radiation, rendered the absorption less than 
it would have been had a souflre of heat of pure sulphurous 
^cid and a tube as long as that used in the other experiments 
l>een employed. 



§17. 

Hadiation of the Flames of Carbonic Oxide and Hydrogen through 
Sulphuric and Formic Ether Vapours. — Reversal of Order of 
Absorption. 

To test the comparative penetrative powers of the two sources 
of heat I subsequently caused the radiation from the carbonic- 
oxide flame to pass througk the vapours of formic and sulphuric 
ether at a common pressure of 0*5 of an inch with the 
following results :— 
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Table XXXV. 

Source of heat: Carbonic^xide Flam*. 



M 



Formic ether .... 14*6 25*8 

Sulphuric ether .... 18 82*1 

Total heat 48 100 



Table XXXVI. 

Source of heat : Hydrogm FUtm*. 



_«rl00 

o 
Sulphuric ether • . 82 42*2 

Formic ether .... 85 49*8 

Total heat 48*5 100 

We here find that, in the case of every one of the four vapours, 
the synchronism with hot aqueous vapour is greater than with 
hot carbonic acid. The temperature of the hydrogen flame is 
higher than that of the carbonic oxide f but the radiation from 
the more intense source of heat, instead of possessing the greatest 
penetrative power, is the most copiously absorbed. It has been 
already proved that, for waves of slow period, formic ether is 
more absorbent than sulphuric ether ; while for waves of rapid 
period, the sulphuric ether is the more powerful absorber. For 
the radiation from hot carbonic acid, the absorption of sulphuric 
ether, as shown in Table XXXV., is between 6 and 7 per cent. 
in excess of that of formic ether ; while for the radiation from 
hot aqueous vapour, the absorption of formic ether, as shown in 
Table XXXVI., is 7 per cent, in excess of that of sulphuric. 
That the periods of aqueous vapour, as compared with those of 
carbonic acid, are slow, and that it is the aqueous vapour, and 
not the carbonic acid, of the flame of Bunsen's burner which 
causes the reversal noticed in Tab 1 ^ XXIII., may therefore be 
inferred from these experiments. 

§ 18. 

Radiation*of Hydrogen Flame, and of Platinum Spiral plunged in 
Hydrogen Flame y through Liquids. — Conversion of Long Periods 
into Short ones. • 

Water at .moderate thickness is a very transparent substance; 
that is to say, the periods of its molecules are in discord with 
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those of the visible spectrum. It is also highly transparent to 
the ultra-violet rays ; so that we may safely infer from the de- 
portment of this substance its incompetence to enter into rapid 
molecular vibration. When, however, we once quit the visible 
spectrum for the rays beyond the red, the opacity of the sub- 
stance begins to show itself: for such rays, indeed, its absorbent 
power is unequalled. The synchronism of the periods of the 
water-molecules with those of the ultra-red waves is thus 
demonstrated. 

The vibrating-period of a molecule is, no doubt, determined 
by the elastic forces which separate it from other molecules, and 
it is worth inquiring how these forces are affected when a 
change so great as that of the passage of a vapour to a liquid 
occurs. The fact established in the earlier sections of this 
paper, that the order of absorption for liquids and their vapours 
is the same, renders it extremely probable that the period of 
vibration is not materially affected by the change from vapour 
to liquid ; for, if changed, it would probably be changed in dif- 
ferent degrees for the different liquids, and the order of 
absorption would be thereby disturbed.* The following table 
will throw additional light upon this question 2 — 



Table XXXVII. — Radiation through Liquids. 

Source of heat : Hydrogen Flame. 
Thickness of liquid layer, 0*07 of an inch. 



Name of liquid 




Absorption per 100 


Transmission 


Bisulphide of carbon . . . 277 


72-3 


Chloroform . . 






493 


50-7 


Iodide of ethyl 






756 


244 


Benzol 






82-3 


17-7 


Amylene . . 


ji\> 




879 


121 


Sulphuric ether 






926 


74 


Formic ether . « 






93 5 


6-5 


Acetic ether . 






93-9 


61 


Water . 






100 
ii ■ \ i ii* 


m *m jf n 



Through a layer of water 9*21 millimetres thick, Melloni found 
a transmission of 11 per cent, of the heat of a Locatelli lamp. 

* The general agreement in point of colour between a liquid and its vapour favours 
the idea that the period, at all events in the great majority of cases, remains constant 
▼hen the state of aggregation is changed. 
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the same, whether we consider the platinum wire to be struck 
by a particle of aqueous vapour oscillating at a certain rate, or 
by a particle of aether oscillating at the same rate. And thus, I 
imagine, by a chain of rigid reasoning, we arrive at the con- 
clusion that a degree of incandescence, equal to that of the sun 
tself, might be produced by the impact of waves of themselves 
ucoinpetent to excite vision. 

riie change of quality produced in the radiation by the intro- 
taction of a platinum spiral into a hydrogen flame is illustrated 
)y a series of experiments, executed for me by my assistant, 
Mr- Barrett, and inserted subsequently to the presentation of 
thia memoir. 



Table XXXVJLLl. — Radiation through Liquids. 

Sources of heat: 1. Hydrogen Flame; 
2. Hydrogen Flame and Platinum Spiral. 





Trananiariofi 




Thickness of Liquid 
0-04 inch 
Flame Flame and 
only spiral 

777 87*2 


Thickness of Liquid 
0*07 inch 
Flame Flame and 
only spiral 

70-4 86 




54 72*8 


50-7 


69 




316 424 


26*2 


36-2 




30*3 36-8 


242 


32C 




241 326 


17*9 


288 




14*9 258 


12-4 


24-3 




131 22-6 


81 


22 




lO'l 1 8*3 


66 


18*5 




94 14-7 


58 


12-3 




32 7*5 


2 


64 



Name of liquid 

Bisulphide of carbon 

Chloroform 

Iodide of methyl 

Iodide of ethyl . 
benzol . 
Amylene . 
Sulphuric ether 
Acetic ether 
Alcohol • 
"Water . 

Here the introduction of the platinum spiral changed the 
-xiods of the flame into others more in discord with the periods 

the liquid molecules, and hence the more copious transmission 
hen the spiral was employed. It will be seen that a transmis- 
*>u of 2 per cent, is here obtained through a layer of water 
*07 of an inch in thickness, while in Table XXVII. all was 
^BOTbed. 

To test this point further, another series of experiments was 
^©exited, and gave the following results for the radiation of a 
hydrogen flame through layers of water of five different thick- 
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I mitfc she hydrogen Hi* 
t of Incurs- It viS be observed that ( 
j£ :J» hart isaoiag &oa ifce nail gas flame ia, 
^- rjw aim- as thai of the heat issuing from 1 



P****- 



i Terr remarkable difference, 



;jm deportment of bisulphide of carbon as co 

-j ^km ifcm. For the small gas flame chlo 

Igannt hod j in the list; it is maxke 

_. tj^j httnlphide of carbon, while for 
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l flame the bisulphide greatly excels the chloroform in 
•ncy. The large luminous gas flame previously experi- 
Fith differs also froin the small one here employed. 
■ large flame, the absorption by the bisulphide is to that 
iloroform as 

100 r 121, 

;h the small flame the absorptions of the same two 
bs stand to each other in the ratio of 



is experiments were subsequently made, with a view of 
tkls result, but in all cases the bisulphide was found 
,que than the chloroform to the radiation of the small 
;. The same result was obtained when a very small oil 
s employed ; and it came out in avery decided manner 
s source of heat was a flame of bisulphide of carbon. 
found, moreover, that, whenever two liquids underwent a 
'position of this kind, the vapours of the liquids underwent 
change ; in its finest gradations the deportment of the 
* imitated by that of its vapour. 

§20. 

nation of Certain Remits of MelloDi and Knoblauch, 
ere we find ourselves in a position to offer solutions of 
acta which have hitherto stood as enigmas in r us ear ches 
liant heat. It was for a long time supposed that 
Br of heat to penetrate diathermic substances aug- 
vith the temperature of tbe source of heat, and from 
jtional penetrative power of solar heat inferences were 
i to the enormous temperature of the sun. Knoblauch 
d against this notion, showing that the heat emitted 
.tinum wire plunged into an alcohol flame was less 
by certain diathermic screens than the heat of the 
telf, and justly arguing that the temperature of the 
uld not be higher than that of the body from which it 
ta heat. A plate of glass being introduced betweau his 
f heat and his thermo-electric pile, the deflection of 
le fell from 35" to 19° when the source of heat was the 
l spiral ; while, when the source of heat was the flame 
d1, the introduction of tbe same glass caused the deflec- 
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tion to fall from 35° to 16°, proving that the radiation from the 
flame was intercepted more powerfully than that from the spiral 
— showing, in other words, that the heat emanating from the 
body of highest temperature possessed the least penetrative 
power. Melloni afterwards corroborated this experiment. 

Transparent glass allows the rays of the visible spectrum to 
pass freely through it ; but it is well known to be highly opaque 
to the radiation from obscure sources of heat — in other words, 
to waves of long period. A plate 2*6 millimetres thick inter- 
cepts all the rays from a source of heat of 100° C, and transmits 
only 6 per cent, of the heat emitted by copper raised to 400° C* 
Now the products of the combustion of alcohol are aqueous 
vapour and carbonic acid, whose waves have just been proved 
to be of slow period, or of the particular character most power- 
fully intercepted by glass. But by plunging a platinum wire 
into such a flame, we virtually convert its heat into heat of 
higher refrangibility ; we break up the long periods into shorter 
ones, and thus establish the discord between the periods of the 
source of heat and the periods of the diathermic glass, which, 
as before defined, is the physical cause of transparency. On 
purely a priori grounds, therefore, we might infer that the 
introduction of the platinum spiral would augment the pene- 
trative power of the heat through the glass. With two plates 
of glass, of different thicknesses, Melloni found the following 
transmissions for the flame and the spiral : — 

For the flame For the platinum 

41*2 62 8 

6*7 26*2 

The same remarks apply to the transparent selenite examined 
by Melloni. This substance is highly opaque to the ultra-red 
undulations ; but the radiation from an alcohol flame is almost 
wholly of this character, and hence the opacity of the selenite 
to this radiation. The introduction of the platinum spiral 
shortens the periods and increases the transmission. Thus, with 
two specimens of selenite, of different thicknesses, Melloni fonnd 
the transmissions to be as follows : — 

Flame Platinnm 

44 195 

1-7 3-5 

* Melloni. 
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r the results of Melloni correspond with those of Knob- 
; but the Italian philosopher pursues the matter further, 

3how8 that Knoblauch's results, though true for the par- 

ir substances examined by him, are far from being appli- 
to diathermic media generally. In the case of black glass 

black mica, a striking inversion of the effect is observed ; 

hese substances the radiation from the flame is more 

msly transmitted than the radiation from the platinum. 

two pieces of black glass, of different thicknesses, Melloni 

d the following transmissions : — 

From the flame From the platinum 

62*6 428 

299 27*1 

# 

for two plates of black mica the following transmissions : — 

From the flame From the platinum 

62-8 62-5 

43'3 28*9 

3e results were left unexplained by Melloni ; but the solution 
ow easy. The black glass and the black mica owe their 
kness to the carbon incorporated in them, and the blackness 
lis substance, as already remarked, proves the accord of its 
ating-periods with those of the visible spectrum. But it 
been proved that carbon is in a considerable degree pervious 
he waves of long period — that is to say, to those emitted 
1 flame of alcohol. The case of the carbon is therefore 
isely antithetical to that of the transparent glass — the 
ler transmitting the heat of long period and the latter 
heat of short period most freely. Hence it follows 
i the introduction of the platinum wire, by converting 
long periods of the flame into short ones, augments 
transmission through the transparent glass and selenite, 
diminishes it through the black glass and the black mica. 

§21. 

idiation of Hydrogen Flame through Lampblack, Iodine, and 
Rock-salt. — Diathermancy of Rock- salt examined. 

ampblack, as already stated, is in accord with the undu- 
^s of the visible spectrum ; it absorbs them all ; but it is 
ially transparent to the waves of slow period. As, therefore, 
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the waves issuing from a flame of hydrogen have been proved to 
be of slow period, we may with probability infer that its radia- 
tion will penetrate the lampblack. A plate of rock-salt iras 
placed oyer an oil-lamp until the layer of soot deposited on it 
was sufficient to intercept the light of the brightest gas-flame. 
The smoked plate was introduced in the path of the rays from 
the hydrogen flame, and its absorption was measured ; the plate 
was then cleansed, and its absorption again determined. The 
difference of both gave the absorption of the layer of lampblack. 
The results were as follows : — 





Table XL. 




■ 


• 


AlmvptloBpcrlOO 


Smoked rock-salt . 


442 


827 


Unsmoked plate . 


158 


24 



The difference between these gives us the absorption of the 
lampblack ; it is 58*7 per cent. ; and this corresponds to a 
transmission of 

41*3 per cent. 

of the radiation from the hydrogen flame. 

Iodine, in a solution sufficiently opaque to cut off the light of 
our most brilliant lamps, transmitted of the heat of the hydro- 
gen flame 

99 per cent. 

In experimenting on liquids with heat of slow period, it wa« 
noticed that the introduction of the empty rock-salt cell caused 
the needle to move through a much larger arc than when the 
source of heat was a luminous one. This suggested that a greater 
proportion of the heat of slow period was absorbed by the rock- 
salt. A few experiments were made to test the diathermancy of 
the salt, with the following results : — 

For the heat of a hydrogen flame, the transmission through 
a perfectly transparent plate of rock-salt was 

82-3 per cent 

For a spiral of platinum wire heated to whiteness by an electric 
current, the transmission was 



87 per cent. 



/ 
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the same spiral lowered to bright redness, the transmission 

8 i '4 per cent, 
the same spiral lowered to moderate redness, the transmis- 



othing was changed in these experiments but the heat of the 
il; the direction of the rays, and the size of the radiating 
■, remained throughout the same ; still we find a gradually 
nenting opacity on the part of the rock-salt as the tempera- 
of the source of heat is lowered. There cannot, I think, 
doubt that MM. De la Provostaye and Desains are right in 
•conclusion that rock-salt acts differently on different calo- 
rays, and is not, as Melloni supposed, equally transparent 
L For the heat of the hydrogen flame, moreover, it is more 
ne than for that of the moderately red spiral. 

§ 22. 

Physical Connexion beticcen Radiation and Conduction, 

lis memoir ought perhaps to end here. I would, however, 
>ermission to make a few additional remarks on a subject 
h was briefly touched upon towards the conclusion of the 
of this series of memoirs. These remarks are made with 
ence, for I have reason to know that authorities worthy of 
highest respect do not share my views regarding the 
exion which subsists between the radiation and conduction 
at. 

t us suppose heat to be communicated to a superficial 
am of the molecules of any body ; say, those at the ex- 
ity of a metal bar. They vibrate, and the motion com- 
icated by them to the external aither is despatched in waves 
igh space. But motion must also be imparted to the 
r within the body, and a portion of this motion will be 
sferred to the adjacent stratum of molecules, heat as a con- 
euce appearing to penetrate the mass. But irrespective of 
ether, the molecules occupy positions determined by their 
attractive and repulsive forces ; so that if any one mole- 
be disturbed, it wiJl of necessity disturb its neighbours. 



24G 



COXTRHnmOSS TO MOLECULAR PHTSICS 



i 



1 

'I 1 
I 

ti 



•i 
\. 

'i 

I 
i 



In an aggregate of molecules so related, motio 
transmitted independently of the aether. If, inde 
imagine the cether entirely away, the motion that 
would still be propagated from molecule to molecnl 
words, conduction would manifest itself, while rad 
be absent through want of a medium. 

In matter, however, as we know it, molecular m< 
in part transmitted immediately from molecule i 
being more or less transmitted mediately by the s 
in the case just supposed, the quantity of motion trz 
the internal GBther to our second stratum of mole 
be the whole of that imparted to it by the super 6< 
The cether must, to some extent, squander ex 
internal molecular motion; so that were the me< 
— were the cushion removed which interferes wit! 
propagation of motion from molecule to molecule- 
would be freer than at present ; the heat, sufferin 
loss, would penetrate further into the mass than wh 
intervenes. 

This reasoning leads to the inference that tho; 
which yield their motion most freely to the aether i 
account be the most wasteful as regards conducts 
words, that the best radiators ought to prove tin 
worst conductors. 

A broad consideration of the subject shows this c 
be in sreneral harmony with observed facts. 
stances are all exceedingly imperfect conductors 
thev are all excellent radiators. The moment, n 
i*ass from the metals to their compounds we pas 
conductors to bad ones, and from bad radiators to 
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Prom the earlier memoirs of MM. de la Provostaye and 
Desains,* and in that of MM. Wiedemann and Franz, I cull the 
following facts : — The radiative power of platinum is five times 
that of silver ; its conductive power is one-tenth that of silver. 
Platinum has more than twice the radiative power of gold ; it 
has only one-seventh of the conducting power. Zinc and tin are 
almost equal as conductors, and they are also nearly equal as 
radiators. Silver has about six times the conductive power of 
*mc and fin ; it has only one-fourth of their radiative power. 
Brass possesses but one-half the radiative energy of platinum; it 
possesses more than twice its conductivity. Other experiments 
of MM. de la Provostaye and Desains f confirm those first 
referred to. Taking the absorbent power, as determined by 
these excellent experimenters, to express the radiating power 
which will be allowed, and multiplying their results by a com- 
mon factor to facilitate comparison with those of MM. Wiede- 
mann and Franz on conduction, we obtain the following table: — 

Table XLTT. — Comparison of Conduction and Radiation. 

Name of metal Conduction Bodlation 

Silver .... 100 11 



Oold . 
Brass. 
Tin . 
Platinum 



53 27 

24 42 

15 90 

8 100 



We here find that, as the power of conduction diminishes, 
the power of radiation augments — a result, I think, completely 



plate of glass than that from the lampblack. In the second experiment, they found 
that, while 39 per cent, of the radiation from a bright surface of platinum was trans- 
mitted by a plate of glass, only 29 per cent, of the radiation from the opposite surface 
of the same plate, which was coated with borate of lead, was transmitted. These 
results are quite in harmony with the views which I have ventured to enunciate. We 
may infer from them that the heat emitted by the Taupvctive compounds— the cinnabar 
and the borate of lead — is of slower period than that emitted by the elements; for 
experiment proves that as the periods are quickened the glass becomes more trans- 
parent. At a temperature of 100° C, moreover, the emission from borate of lead was 
found equal to that from lampblack (Comptei Rendns, vol. xxxviii. p. 442), while at a 
temperature of 550° C. it had only three-fourths of the emissive power of the lamp- 
black. With reference to the theoretic views which these researches are intended to 
foreshadow, the results of MM. De la Provostaye and Desains are of the highest 
interest. 

* Comptrs Hindus, 1846, vol. xxih p. 1139. 

t Annates de Chimie, I860, vol. xxx. p. 442. 
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j with that to which a consideration of the molecular 

i leads as. 

Tnere is bat on* serioo s exception known to me to the law 
hoe indicated ; this » copper, which MM. de la Provostaye 
and Deaahu place higher than gold as a radiator, though it is 
also higher aa a conductor. When, however, the immense 
change in radiative power which the slightest film of an orJde 
can prodoee, and the liability of heated copper to contract such 
a film, are taken into account, the apparent exception will not 
have too much weight ascribed to it. I have had a cube of 
braai coated electrolytkally with copper, silver, and gold ; and, 
of all its faces, that coated with copper has the least emissive 
power. This is probably doe to some alight impurity contracted 
by the silver. What we know of the deportment of mineral* 
also ilhistrates the law. Bock-salt I find to be a far better con- 
ductor than glass, while MM. de la Provostaye and Detains 
find the relative emissive powers of the two substances to be as 
17 to 6. So also with regard to alum : as a conductor it is 
immensely behind rock-salt; as a radiator it is immensely hi 
advance of it 

Biijil Invitation, Hatch 18M, 
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. ANALYSIS OF MEMOIR VII. 

Ik the foregoing investigation, the conclusion had been reammed on* that the 
quality of the heat radiated by a flame of hydrogen was almost exclusively j 
ultra-red, and the change produced by the plunging of solid bodies into the | 
flame was pronounced to be a virtual exaltation of refrangibility. These eon- | 
elusions it was important to verify, and accordingly, the necessary rock-ealt 
lenses and prisms having been secured, the emission from the hydrogen flame 
was subjected in 1864 to strict analysis. 

By direct experiment the reasoning was verified, and the emission iras 
proved to be sensibly ultra-red. The rays of greatest energy of the hydrogen 
flame were proved to be of precisely the same refrangibility as the rays of 
greatest energy from a luminous gas-flame. 

The other conclusions enunciated in Memoir VL regarding the raising of 
solid bodies to incandescence by a hydrogen or an oxyhydrogen flame were also 
experimentally established. 

Intent on clearly bringing out the differences between elementary and com- 
pound bodies in relation to radiant heat, I tried at an early period of these 
researches to extend the experiments to solids and liquids. From the physico- 
chemical point of view, the deportment of lampblack already revealed by 
Melloni was to me of peculiar interest and significance. But the interest ms 
greatly augmented by the deportment of bromine and iodine. With various 
sources of heat the diathermancy of these two substances was illustrated. 
Leslie's cubes containing boiling water, copper balls heated to various degrees 
of incandescence, gas and candle flames, were respectively examined, the sur- 
prising transparency of bromine and iodine to the calorific rays being in all 
cases demonstrated. 

The step from these experiments to sifting or filtering the radiation fro** 1 
luminous sources, by quenching the light and permitting the heat to pass, ^«^ 
inevitable and indeed immediate. After numerous experiments in the labors^" 
tory of the Royal Institution, the filtering of the electric lamp and the form.**-* 
tion of powerful dark foci by the heat-rays emitted from the carbon-poiir*^ 
were publicly illustrated in the theatre of the Institution on March 27, 18^ ~ 
The experiments are referred to in my ' Notes on Heat, 1 published at the tima 
They are also mentioned in a foot-note bearing date June 13, 1862, at 
bottom of page 79 of this collection. 

The discussion with Professor Magnus being, as I thought, finally closed t^ 
the experimental evidence brought forward in Memoir VI., and I bring st 
further assured by that investigation of the surprising diathermancy of iodin 
the filtration of the emission from incandescent bodies became the subject 
special investigation. 

The augmentation of the energy of the invisible heat-rays by the increase C^> 
temperature necessary to produce the visible ones, is determined ; in the fira^ 
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instance, by placing the pile in the ultra-red emission from a platinum spiral! as 
it rose gradually from a dark heat to an intense white one, a rock-salt prism 
being used to decompose the beam ; in a second instance by causing the spiral 
to pass through the same range of temperature, and cutting off its luminous 
lays by the iodine filter. 

The experiments are then extended to flames of coal-gas and to the electric- 
light 

It is thus found that of the radiation from platinum heated to whiteness! 
one twenty- fourth only consists of luminous rays. 

Of the emission from the most brilliant portion of a gas flame, one twenty- 
fifth only consists of luminous rays. 

Of the emission from a dazzling electric-light, one-tenth only consists of 
luminous ravs. 

Iodine is found to be perfectly transparent to the emission of bodies at all 
temperatures under incandescence. 

With the rock-salt lens and the iodine filter, the invisible rays of the electric- 
light are afterwards so concentrated as to ignite combustible bodies placed at the 
focus. 

The eye is proved capable of bearing without inconvenience the heat of a 
focus where paper and other combustible bodies are ignited and gunpowder 
'was exploded. 

Employing greater battery power, precisely the same effects are produced 
with the glass lenses used in 1862 to concentrate the invisible rays. 

From experiments on water, and on the vitreous humour of an ox, it is con- 
cluded that nearly two-thirds of the rays from the electric-light, which actually 
reach the retina, are obscure. 

It is further shown that the visible radiation from a red-hot platinum spiral 
is incapable of thermal measurement 

The paper winds up with some remarks on the relation of light to heat, and 
on the application of radiant heat to fog-signalling. 



vn. 

ON LUMINOUS AND OBSCUBE BADIATION.* 

§1. 

Spectrum of Hydrogen Flame. 

Sib William Herschel discovered the obscure rajs of the 
sun, and proved the position of maximum heat to be 
beyond the red of the solar spectrum, f Forty years subse- 
quently Sir John Herschel succeeded in obtaining a thermo- 
graph of the calorific spectrum, and in giving* striking visible 
evidence of its extension beyond the red. J Melloni proved that 
an exceedingly large proportion of the emission from a flame 
of oil, of alcohol, and from incandescent platinum heated by a 
flame of alcohol, is obscure. § Dr. Miller inferred from its 
paucity of luminous rays evident to the eye, and a like paucity 
of ultra-violet rays, that the radiation from a flame of hydrogen 
must be mainly ultra-red ; and he concluded from this that the 
glowing of a platinum wire in a hydrogen flame, as also the 
brightness of the Drummond light in the oxyhydrogen flame, 
are produced by a change in the period of vibration. |) By a 
different mode of reasoning I arrived at the same conclusion 
myself, and published the conclusion subsequently. 1 

A direct experimental demonstration of the character of the 
radiation from a hydrogen flame was, however, wanting, and 
this want I have sought to supply. I had constructed for me, 
by Mr. Becker, a complete rock-salt train of a size sufficient to 
permit of its being substituted for the ordinary glass train of a 

* Philosophical Magazine for November 1864. 
t Phil. Trans. 1800. 

X Phil. Jran». 1840. I hope very soon to be able to torn my attention to the 
remarkable result* described in note III. of Sir J. Herschel's paper. 
§ La Thermochrose, p. 804. | Phil. Trans. Tol. cliv. p. 827. 

? Bsport of ths British Association, 1868. 
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Duboscq's electric lamp. A double rock-salt lens placed 
in the camera rendered the rays parallel; the rajs passed 
through a slit, and a second rock-salt lens placed without the 
camera produced, at an appropriate distance, an image of this 
slit. Behind this lens was placed a rock-salt prism, while 
laterally stood a thermo-felectric pile intended to examine the 
spectrum produced by the prism. Within the camera of th< 
electric lamp was placed a small burner, so that the flami 
issuing from it occupied jfche position usually taken up by th< 
coal points. This burner was connected with a T-piec&> 
from which two pieces of india-rubber tubing were carried, th^^ 
one to a large hydrogen-holder, the other to the gas-pipe of tb*^^ 
laboratory. It was. thus in my power to have, at will, eithe r 
the gas flame or the hydrogen flame. When the former wa*s 
employed, it produced a visible spectrum, which enabled me -fco 
fix the thermo-electric pile in its proper position. To obtain tlie 
hydrogen flame, it was only necessary to turn on the hydrogen 
until it reached the gas flame and was ignited ; then to turn off 
the gas and leave the hydrogen flame behind. In this way the 
one flame could be substituted for the other without opening 
the door of the camera, or producing any change in the positions 
of the source*of heat, the lenses, the prism, and the pile. 
# The thermo-electric pile employed is a beautiful instrument 
constructed by RuhmkorfF. It belongs to my friend Mr. Gassiot, 
and consists of a single row of elements properly mounted and 
attached to a double brass screen. It has in front two silvered 
edges, which, by means of a screw, can be caused to close upon 
the pile so as to .render its face as narrow as desirable, reducing 
it to the width of the finest hair, or, indeed, shutting it off 
altogether. By means of a small handle and long screw, th^ 
plate of brass and the pile attached to it can be moved gently 
to and fro, and thus the vertical slit of the pile can be caused 
to traverse the entire spectrum, or to pass beyond it in botl 3 
directions. The width of the spectrum was in each case equ^- * 
to the length of the face of the pile, which was connected wit^ 1 
an extremely delicate galvanometer. 

I began with a luminous gas flame. The spectrum bemu ^ 
cast upon the brass screen (which, to render the colours mo^" e 
visible, was covered with tinfoil), the pile was gradually mov^* 
in the direction from blue to red, until the deflection of the ga*^" 



i 
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Yanometer became a maximum. To reach this it was necessary 
to pass entirely through the spectrum and a little way beyond 
the red ; the deflection then observed was 

30°. 

When the pile was moved in either direction from this position, 
the deflection diminished. 

The hydrogen flame was now substituted for the gas flame ; 
the -visible spectrum disappeared, and the deflection fell to 

12°. 

Hence, as regards rays of this particular refrangibility, the 
emission from the luminous gas flame was two and a-half times 
thiffc from the hydrogen flame. 

X"lie pile was now moved to and fro, and the movement in 
botlx directions was accompanied by a diminished deflection. 
r^^lve degrees, therefore, was the maximum deflection for the 
hjclxogen flame ; and the position of the pile, determined pre- 
noxifily by means of the luminous flame, proves that this 
Jcfl-ection was produced by ultra-red undulations. I moved the 
P*te a little forwards, so as to reduce the deflection from 12° to 
1 9 &nd then, in order to ascertain the refrangibility of the rays 
frkicjh produced this small deflection, I relighted the gas. The 
fec *"fcilinear face of the pile was found invading the red. When 
"^ pile was caused to pass successively through positions 
s^-responding to the various colours of the spectrum, and to 
*** Xdtra-violet rays, no measurable deflection was produced by 
™^ hydrogen flame. 

I next placed the pile at some distance from the invisible 

■P^ctrum of the flame of hydrogen, and /eft for the spectrum by 

m *>'ving'the pile to and fro. Having found it, the place of maxi- 

iWxm heating was without difficulty ascertained. Changing 

nothing else, the luminous flame was substituted for the non- 

lutninous one ; the position of the pile when thus revealed was 

toyond the red. 
The action was still very sensible when the distance of the 

pfle from the red end of the spectrum on the one side was as 

great as that of the violet rays on the other, the heat- spectrum 

thus proving itself to be at least as long as the light-spectrum. 

It is thus proved experimentally that the radiation from a 

hydrogen flame is sensibly ultra-red. -The other constituents of 




L Hence, 



The falling of the deflection from XT to 12* when the hydto- 
K'-n flame m nhatHoted for the ga* Auk b doubtless dne to 

We may, how- 



s in mbatiteted for the gM 
(he absence of all solid natter is the 
nver, introduce anch natter, and i 
originating in the hydrogen flame moeh greater than that of 
the gu flame. A spiral of platinum wire plunged in the former 
guvs a minimum deflection of 

82° 
i>l 11 1 mil' when the maximum deflection of the gas-flame was only 

88°. 

II. Li mainly by convection that the hydrogen flame disperses 
Ha limit t though its temperature is higher, ita sparsely- 
ni'iiitiTiui inoWutes are not able to cope, in radiant aMtgtj 
IriUl ttu solid carbon of the luminous flame. The same is true 

I'm i In linn I' ii, IJunsim'H burner; the moment the air (which 

ilmlmya Ut« unlid carbon particles) mingles with the gas flame, 

ii h.iin.n 1'uIIh considerably. Conversely, a gnah of radiant 

li> hi "■ oc-mpantei the shutting out of the air which deprives 
i !■■ ;■ i ■ Sum of i(s luminosity. When, therefore, we introduce 
ii aJttMRWH irtYo into a hydrogen fame, or carbon particle* into * 
tlunt^n'' fti*m<; tft Main not only wanes of a new period, but ate° 
aafjaasj ,i large portion of the heat of convection into the heat a 

■ .l.tl.lluH. 



§3. 

tW»*l*M* **A 8trmgtA*niitg of Obscure Rays by Augmentation 
of Temperature. 

'trahhoff tUkT* proved that, for incandescea — ' 

th« pwlod of vil.nilion is, within wide limits- 
Mi »»ii t'\]x,Tiuieiits with flaaie^ 
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of Hydrogen and carbonic oxide as sources of heat, and with, cold 
■qaeoua vapour and cold carbonic acid aa absorbing media, point 
to the same conclusion.* But in tolid metala augmented tem- 
perature introduces waves 'of shorter periods into the radiation. 
It may be asked, ' What becomes of the long obscnre periods 
when we heighten the temperature ? Are they broken up or 
changed into shorter oneB, or do they maintain themselves side 
"J side with the new vibrations?' The question is worth an 
e Xperi mental answer. 

A spiral of platinum wire, suitably supported, was placed 
within the camera of the electric lamp at the place usually 
Occupied by the carbon points. This spiral was connected with 

Voltaic battery ; and by varying the resistance it was possible 
to raise it gradually from a state of darkness to an intense 
white heat. Raising it to a white heat in the first instance, 
the rock-salt train was placed in the path of its rays, and a 
brilliant spectrum was obtained. A thermo-pile was then 
moved into the region of obscure rays beyond the red of the 
spectrum. Altering nothing but the strength of the current, 
spiral was reduced to darkness, and lowered in tem- 
perature till the deflection of the galvanometer fell to 1°. 
Our question is, ' What becomes of the waves which produce 
this deflection when new ones are introduced by augmenting 
the temperature of the spiral?' 

Causing the Bpiral to pass from this state of darkness through 
various degrees of incandescence, the following deflections were 
obtained : — 

Table I. 



Dark 


. 1 


Fall red . 


. 27 


Dark 


. a 


Bright red 


. Hi 


F»itit r»] 


. 101 


N'-M-ly white ■ 


. 54-3 


Dull red. 
Bad 


. 13'6 
. IS 


Full while 


. BO 



The deflection of 60° here obtained is equivalent to 122 of 
the first degrees of the galvanometer. Hence the intensity of 



■ See Section* 13 and 14 of JJ 
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the obscure rays in the case of the full white heat is 122 times 
that of the rays of the same refrangibility emitted by the daife^ 
spiral used at the commencement. . Or, as the intensity is pro — . 
portional to the square of the amplitude, this, in the case 
the last deflection, was eleven times that of the waves whic 
produced the first. The wave-length, of course, remained tb^ 
same throughout. 

The experimental answer, therefore, to the question alxrve 
proposed is, that the amplitude of the old waves is augmented 
by the same accession of temperature that gives birth to the 
new ones. The case of the obscure rays is, in fact, that of tie 
luminous ones (of the red of the spectrum, for example), which 
glow with augmented intensity as the temperature of the 
radiant source of heat is heightened. 



§ 4. 

Persistence and Strengthening of Bays illustrated by means of 
a Ray-filter of Iodine and Bisulphide of Carbon. 

In my last memoir* the wonderful transparency of the 
element iodine to the ultra-red undulations was demonstrated. 
It was there shown that a quantity of iodine sufficient to quench 
the light of our most brilliant flames transmitted 99 per cent 
of the radiation from a flame of hydrogen. 

Fifty experiments on the radiant heat of a hydrogen flame, 
recently executed, make the transmission of its rays, through ft 
quantity of iodine which is perfectly opaque to light, 

100 per cent. 

To the radiation from a hydrogen flame the dissolved iodine is 
therefore, according to these experiments, perfectly transparent 

It is also sensibly transparent to the radiation from solid 
bodies heated under incandescence. 

It is also sensibly transparent to all the obscure heat-rays 
emitted by luminous bodies. 

To the mixed radiation which issues from solid bodies at a 
very high temperature, the pure bisulphide of carbon is eminently 

* Section 22, Memoir VL 
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iparent. Hence, as the bisulphide of carbon interferes 
ilightlj with the obscure rajs issuing from a highly lumi- 
source, and as the dissolved iodine seems not at all to 
fere with them, we have in a combination of both sub- 
les a means of almost entirely detaching the purely thermal 
from the luminous ones. 

vibrations of a long period, established when the radiating 
is at a low temperature, maintain themselves, as just in- 
ed, side by side with the new periods which augmented 
erature introduces, it would follow that a body once per- 
i to the radiation from any source must always remain 
ous to it. We cannot so alter the character of the radia- 
that a body once in any measure transparent to it shall 
ne quite opaque to it. We may, by augmenting the 
erature, diminish the percentage of the total radiation 
imitted by the body ; but inasmuch as the old vibrations 
their amplitudes enlarged by the very accession of tem- 
iure which produces the new ones, the total quantity of 
of any given refrangibility transmitted by the body must 
ase with increase of temperature. 

lis conclusion is thus experimentally illustrated. A cell 
parallel sides of polished rock-salt was filled with the solu- 
of iodine, and placed in front of the camera within which 
the platinum spiral. Behind the rock-salt cell was placed 
ermo-electric pile, to receive such rays as had passed 
lgh the solution. The rock-salt lens was in the camera 
>nt, but a small sheaf only of the parallel beam emergent 
the lamp was employed. Commencing at a very low dark 
the temperature was gradually augmented to full incan- 
>nce with the following results : — 



Table II. 



learance of Spiral 



irk. 

irk but hotter. 

%rk but still hotter 

irk but still hotter 

fteble red. 

oil red . 

ed . . 



Deflection 

o 

1 

3 

5 
10 
19 
25 
35 



Appearance of Spiral 

Full rod . 
Bright red . 
Very bright red 
Nearly white 
White 
Intense white 



Deflection 

o 

. 45 

. 53 

. 63 

. 69 

. 75 

. 80 
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black smoke rise from the flame into the beam. A Bunsen's 
flame produces the same effect. Bat the action of a red-hot 
poker placed underneath the beam is precisely similar; the 
action of a hydrogen flame, moreover, where smoke is out of the 
question, is not to be distinguished from that of the spirit-lamp 
flame. The apparent smoke rises even when the flame or the 
poker is placed at a good distance below the beam. The action 
is really due to the destruction of the floating matter by contact 
with the heated body. It sends upwards streams of air from 
which everything competent to scatter the light has been re- 
moved. This optically pure air, in passing through the beam, 
jostles aside the illuminated particles, the space it occupies 
being black in contrast with the adjacent luminosity. The 
experiment is capable of various instructive modifications, and 
may of course be executed with sunlight. 

It is needless to dwell upon the possible influence of the 
floating organic matter of the air upon health. Its quantity, 
when illuminated by a powerful and strongly concentrated 
beam, sometimes appears enormous. One recoils from the idea 
of placing the mouth at the intensely illuminated focus and 
inhaling the swimming dirt revealed there. Nor is the disgust 
removed by the reflexion that at a distance from the focus, 
though we do not see the dirt, we are breathing precisely the 
same air. The difficulty of wetting it, before referred to, maj 
render this suspended matter comparatively harmless to the 
lungs, but when these are sensitive its mere mechanical irritation 
must go for something. Perhaps a respirator of cotton-wool 
might in some cases be found useful.* 

§5. 
Deportment of Nitrite of Amy L 

I now return to the nitrite of amyl. The acticn of light 
upon the vapour of this substance is exceedingly prompt aiid 
energetic. It may be illustrated by simply blowing the vapour 
into a concentrated sunbeam. Or the experiment may be made 
to take the following form : — Connecting the tube 6 of the flask 

* Since this paper was forwarded to the Royal Society these experiments have been 
greatly extended. See Proceedings of the Royal Institution, January 1870; also 
Fragments of Science, 187 1—72. 
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F with the pipe of a bellows, after inflating the latter a sharp 
tap upon it§ board sends a puff of vapour through the tube a 
into the air. In a moderately lighted space nothing is seen; 
but when the puff is projected into a concentrated Bunbeam, or 
into the beam from the electric lamp, on crossing the limiting 
boundary of light and shade it is instantly precipitated as a 
The ring has of course the same mechanical cause 
ob the smoke-rings puffed from the mouth of a cannon, but it is 
latent until revealed by actinic precipitation.* 

In every one of the numerous experiments made with the 
nitrite of amy], the chemical energy appeared to exhaust itself 
in the frontal portion of the experimental tube. A dense white 
cloud would fall for a distance of 12 or 15 incheB upon the beam, 
while beyond this distance the tube would appear almost empty. 
This absence of action might naturally be ascribed to the 
diffusion of the beam beyond the focus ; but when the light 
; bo converged as to bring the focus near the distant end of 
the tube the effect was the same. When, moreover, a concave 
mirror received a parallel beam which had traversed the tube, 
and returned it iuto the vapour in a high state of luminous con- 
centration, the light was ineffectual. The passage of the beam 
through a comparatively small depth of the vapour appeared to 
extract from it those constituents which produced decom- 
position. That the vapour was present at. the distant end of the 
tube was proved by the fact that both with the sun and with 
the electric -light the reversal of the tube instantly brought 
down a heavy cloud. As regards the chemical rays, nitrite of 
amyl is the blackest substance that I have yet en coui itered. It 
rapidly extinguishes them, leaving behind a beam of sensibly 
undiminished photometric intensity, but powerless as a chemi- 
cal agent as far as the nitrite is concerned. 

In these experiments air was employed as the vehicle of the 
nitrite-of-amyl vapour. By varying the quantity sent into the 
experimental tube, it was possible to vary in a remarkable 
manner the character of the resulting decomposition. The most 
splendid diffraction colours could be thus produced, and the 
finest texture could be imparted to the clouds. When pure 
oxygen or pure nitrogen was used, the effect was almost the same 

• By a ijfoiul arrangement it \n eaty to obtain such riugs 2 inches aud more in 
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IXMIXOUS AND OBSCURE RADIATION. 

in every ten equal parts of the radiation from the carbon 

ointo nine consist of obscure rays, it follows that nearly fcwo- 

lirds of the whole radiant- energy which actually reaches the 

tina is incompetent to excite vision. With a white-hot plati- 

nm spiral as source of heat, the mean of four good experi- 

ents gave a transmission of 11-7 per cent, of the obscure 

eat of the spiral through a layer of distilled water 1*2 inch in 

tidiness. A larger proportion no doubt reaches the retina.* 

Converging the beam from the electric lamp by a glass lens, 

placed the opaque solution of iodine before my open eye, and 

irotight the eye into the focus of obscure rays ; the heat was 

mmediately unbearable. But the unpleasant effect seemed to 

« mainly dne to the action of the obscure rays upon the eye- 

idi and other opaque parts round the eye. Through an aperture 

a card, somewhat larger than the pupil, the concentrated 

ctlorific beam was subsequently permitted to enter the eye. 

w sense of heat entirely disappeared. Not only were the rays 

'"Weired by the retina incompetent to excite vision, but the 

tic nerve seemed unconscious of their existence even as heat. 

On a tolerably clear night a candle flame can be readily seen 

the distance of a mile. The intensity of the electric-light 

**d by me is 650 times that of a good composite candle, and 

the non-luminous radiation from the coal points which 

aches the retina ia equal in energy to twice the luminous, it 

lows that at a common distance of a foot, the energy of the 

visible rays of the electric-light which reach the optic nerve, 

t are incompetent to provoke vision, is 1,300 times that of 

•* light of a candle. But the intensity of the candle's light 

the distance of a mile is less than the twenty-millionth of its 

tensity at the distance of a foot, hence the energy which ren- 

*s the candle perfectly visible a mile off would have to be 

oltiplied by 1,300x20,000,000, or by twenty-six thousand 

-Uions, to bring it up to the energy sent to a retina placed at 

foot distance from the electric-light, but which, notwith- 

■*nding its enormous relative magnitude, is utterly incompe- 

**t to excite vision. Nothing, I think, could more forcibly 

ustrate the special relationship which subsists between the 

'tic nerve and the oscillating periods of luminous bodies. The 

*e may be compared to a musical string, which responds 

M. Frani h»i iHowd thut a portion of the sun'i obscure raja reach the retina. 
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iodine revealed by the beam in the actinic cloud must, I think, 
have been for the most part liquid, and not vaporous iodine. 
I say liquid, because the substance was probably dissolved by 
the particles of the cloud with which it was so intimately 
mixed. Di-allyl, for example, is a powerful solvent of iodine, 
and it was probably one of the products of decomposition. 

The iodide of isopropyl also capitally illustrates the action of 
light upon vapours. It is more slowly acted upon than either 
the nitrite of amyl or the iodide of allyl ; nevertheless, in suffi- 
cient quantity, its decomposition is very brisk and energetic 
Purified air which had bubbled through the liquid iodide was 
conducted into the experimental tube. When the pressure was 
1 inch of mercury, the light playing upon the vapour for fire 
minutes produced no action ; but when it was 10 inches a blue 
cloud made its appearance in two minutes, and in ten minutes 
it had almost filled the tube. When the pressure was 20 inches, 
the action commenced more quickly, and the cloud generated 
was more dense. The whirling motions of this cloud appeared 
to be more brisk than that of the others examined. With 30 
inches of the mixed air and isopropyl the action began in a 
quarter of a minute, and in five minutes a dense cloud was 
formed throughout the tube. The purple of the discharged 
iodine was also very plain in this cloud. 

§ 7. 

Deportment of Liquids and of their Vapours towards Rays of 

High Refrangibility. 

In the preliminary notice of these experiments laid before the 
Royal Society in June 1868,* considerable stress is laid upon the 
fact that the same rays are absorbed by the nitrite of amyl in 
the liquid and in the vaporous state. A layer of the liquid not 
more than one-eighth of an inch in thickness was found compe- 
# tent to withdraw from a powerful beam nearly all the con- 
stituents which could effect the decomposition of its vapour. 

I endeavoured at the time to apply this fact to the solution 
of the question whether the absorption of chemical energy was 
the act of the molecule as a whole, or of its constituent atoms, t 
I tried to show that on the first of these assumptions it is 

* See page 425. f See * Physical Considerations,' pp. 427 and 428. 
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Sere also we are able to offer a remark as to the applicability 
of radiant heat to fog-signalling.* The proposition, in the 
abstract, is a philosophical one ; for were our fogs of a physical 
character similar to that of the iodine held in solution by the 
bisulphide of carbon, or to that of iodine or bromine vapour, it 
would be possible to transmit through them powerful beams of 
xaxli&nt heat, even after the entire stoppage of the light from 
our signal lamps. But our fogs are not of this character. 
They are unfortunately so constituted as to act very destruc- 
tively upon the purely calorific rays; and this fact, taken in 
conjunction with the marvellous sensitiveness of the eye, leads 
to the conclusion that, long before the light of our signals ceases 
to be visible, their radiant heat has lost the power of affecting, 
in any sensible degree, the most delicate thermoscopic apparatus 
that we could apply to their detection. 

Royal Institution, October 1864. 



* Which had been proposed a short time prior to the writing of this paper. 
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the acid into the experimental tube, nntil a farther depression 
of 8 inches is obtained. On allowing the convergent beam 
to play upon this mixture, a cloud of extraordinary density 
and brilliancy is precipitated. The beam appears to t pierce 
like a shining sword the nebulous mass of its own creation, 
tossing the precipitated particles in heaps right and left of it 
This experiment is very easily made, and nothing could more 
finely or forcibly illustrate the phenomena here under con- . 
sideration. 

By varying the proportions of the vapour to the acid we Tary 
the effects. For example, the proportion of 1 inch of the nitrite 
vapour to 15 inches of the hydrochloric acid did not pro- 
duce so brilliant an effect as the proportion 8 : 8. The same is 
true of the proportion 15 inches of nitrite vapour to 1 inch of 
hydrochloric acid. But in this latter case, though the general 
action was less intense than in the case of 8 : 8, the iridescences 
due to diffraction were much finer. No doubt for each par- 
ticular substance a definite proportion exists corresponding to 
the maximum of actinic action.* 

The nitrite of butyl affords another striking example of the 
influence of a second body. With air, or alone, it was not 
visibly affected by the light ; there was no cloud formed by its 
exposure. It was also mixed with nitric acid in various pro- 
portions, but no visible effect was produced by the beam. 

It was then mixed with air which had been permitted to 
bubble through pure hydrochloric acid, in the following pro- 
portions : — 

1. 1 inch of air and vapour to 15 inches of air and add. 

2. 8 inches „ „ 8 „ „ 

3. 15 inches „ „ 1 inch „ „ 

In the first case a dense and brilliant cloud was immediately 
precipitated. In the second case the precipitation of the fine 
white cloud was confined to the convergent luminous cone, 
coarser particles being scattered through the rest of the tube. 
In the third case the cloud was very coarse and very scanty. 
The experiment indicates that the best effect is obtained when 
a small quantity of the vapour is mixed with a considerable 
quantity of the acid. 

* 

* This might form the subject of an interesting inquiiy. 
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itiona needed In dealing with the inflammable bisulphide of carbon 

elt upon, and various methods of handling the dark rajs with 

rtainty are described. 

ts on the calorescence of the sun's obscure rays and those of the 

) also described. 

te on the relation of colour to combustion by the dark rays are 

ce with other filters than the iodine one is also shown to be 
ie memoir winds up by some remarks on the defects of the black- 
neter. 



ON CALORESCENCE, OR THE TRANSMUTATION 
OF HEAT RATS." 



Fonit&D et rosei sol alls lnmpade lucem 
Possideat multum «ecis fervoribm ignem 
Circum se, nulla qui ait fulgoro nolnlus, 
JEstifi'runi ut tantum radiorum eisugeat iclum. 



5 l. 

General Statement of the Nature of this Inquiry. 

it the year 1800, and in the same volume of the ' Philosophical 
ransactioas ' that contains Volta's celebrated letter to Sir 
oseph Banks on the Electricity of Contact,! Sir William 
[erachel published hia discovery of the invisible rays of the 
in. Causing thermometers to pass through the various 
jlours of the solar spectrum, he determined their heating- 
yxver, and found that this power, so far from ending at the 
;d extremity of the spectrum, rose to a maximum at some dis- 
mce beyond the red. The experiment proved that, besides its 
imirious rays, the sun emitted others of low refrangibility, 
iraaessing great calorific power, but incompetent to excite 
*ion. 

Drawing a datum-line to represent the length of the spec- 
Tim, and erecting at various points of this line perpendiculars 
> represent the calorific intensity existing at those points, on 
niting the ends of the perpendiculars Sir William Herschel 

• Receivp'1 October 20th, and r*ad before the Royal Society, Noremtttr 23, 1865 ; 
kiloiopli :■■!•! IVaiuactioxs fur 1866, p. 1 ; Fhiletophktil Mat/tuiiu for May and June 

r. The phrase • Uunsmutation of rays' is, I be Ueve due to Professor Chilli*. 
I mm indebted to my excellent friend Sir Edmund Head for thie •xtract, 
I Vol. ha. • 
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obtained the subjoined curve (fig. 19), which shows the distribu- 
tion of heat in the solar spectrum, according to his observation!. 
The space A B D represents the invisible, and BDE the risible 
radiation of the son. 

Fig. 13. 







With the more perfect apparatus subsequently deviaed, I 
fessor Miiller of Freiburg examined the distribution of b 
in the*spectrum,*aud the results of his observations are it 
graphically in fig. 20. Here the area ABCD represent! 
invisible, while C D E represents the visible radiation. 
Fig. 20. 
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With regard to terrestrial sources of heat, it may be s 
that all such sources hitherto examined emit those obscure n 
Melloni found that 90 per cent, of the emission from a 
flame, 98 per cent, of the emission from incandescent pluf.li 
and 99 per cent, of the emission from an alcohol flame c 
of obscure rays.f The visible radiation from a hydrogen 
is, according to my own experiments, too small to t 
measurement. With regard to solid bodies, it ma 
generally that, when they are raised from a state of 
to vivid incandescence, the invisible rays emitted in 

• Pkilamphirnl M<i$a:ine, 8. J, rol. itii, p. 311. 
t La ThermoekriHt, p. 8IM. 



TRANSMUTATION OP HEAT EATS. 

ince continue to be emitted with augmented power when 
body glows. For example, with a current of feeble powfc 
carbons of the electric lamp may be warmed and caused to 
i invisible rays. But the intensity of these same rays may 
augmented a thousandfold by raising the carbons to the 
perature necessary for the elec trie-light. Here, in fact, the 
inous and non-luminous emission augment together, the 
imuin of brightness of the visible rays occurring siraul- 
ously with the maximum calorific power of the invisible 



t frequent intervals during the past ten or twelve years I 
s had occasion to experiment on the invisible rays of the 
trie-light, and the discovery of the iodine-filter enables me 

to make them the subject of special investigation. I en- 
'our, in the first place, to compare the luminous with the 
■luminous radiation of the electric -light, and to determine 
r relative energy ; then a method is pointed out of detaching 
luminous from the non-luminous rays, and of concentrating 

latter in intense invisible foci. Yarious experiments 
itrative of the calorific power of the invisible rays, and of 
r transmutation into visible ones are afterwards described. 



Source of Rays.— Employment of Rock-salt Train. 

hrough the kindness of my friend Mr. Gassiot, a very beauti- 
linear thermo-electric pile, constructed by RuhmkorfT, has 
ained in my possession for several years, and been frequently 
iloyed in my researches. It consists of a double metallic 
an, with a rectangular aperture in the centre, a single row 
her mo-electric elements 12 inch in length being fixed to 
screen behind the aperture. Connected with the latter are 
moveable side pieces, which can be caused to approach or 
ide so as to vary the width of the exposed face of the pile 
a zero to ^th of an inch. The instrument is mounted on 
ider, which, by turning a handle, is gradually moved along 
lussive metal stand. A spectrum of a width equal to the 
fth of the thermo-electric pile being cast at the proper 

On Ihit point B«e tfas Rede l.rctvrt for IBflo, p. 33 (Longman*). Reprinted in 
- i o/Seitnct, 1671 (Longmans). 
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elevation on the screen, by turning the handle of the slider the 
vertical face of the pile can be caused to traverse the colours, 
and also the spaces right and left of them. 

To produce a steady spectrum of the electric-light, I em- 
ployed the regulator devised by M. Foucault and constructed bj 
Duboscq, the constancy of which is admirable. A complete 
rock-salt train of high transparency, constructed for me bj 
Mr. Becker, was arranged in the following manner : — In the 
camera was placed a rock-salt lens, which reduced to paral- 
lelism the divergent rays proceeding from the carbon points. 
The parallel beam was permitted to pass through a narrow 
vertical slit. In front of this was another rock-salt lens, which 
produced a sharply-defined image* of the slit at a distance 
beyond it equal to that at which the spectrum was to be 
formed. Immediately behind this lens was placed a pure 
rock-salt prism with its axis vertical — sometimes a pair of 
prisms. The beam was thus decomposed, a brilliant horizontal 
spectrum being cast upon the screen which bore the thermo- 
electric pile. By turning the handle already referred to, the 
face of the J>ile could be caused to traverse the spectrum, an 
extremely narrow band of light or radiant heat falling upon 
it at each point of its march.f The pile was connected vith 
an exceedingly sensitive galvanometer, by which the heating- 
power of every part of the spectrum, visible and invisible, was 
determined. 

§3. 
Methods of Experiments and Tabulated Results. 

Two modes of moving the instrument were practised. In 
the first the face of the pile was brought up to the violet end 
of the spectrum, where the heat was insensible, and then 
moved through the colours to the red, then past the red up to 
the position of maximum heat, and afterwards beyond this 
position until the heat of the invisible spectrum gradually 
faded away. The following table contains a series of measure- 
ments executed in this manner. The motion of the pile is 
measured by turns of its handle, every turn corresponding to the 
shifting of the face of the instrument through a space of one 

* The width of the image was about 0*1 of an inch, 
f The width of the linear pile was 0*03 of an inch. 
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n ; and now the clond-centre, by normal vision, polarized. 
hi light in a plane opposite to that of the two ends. 
Twelve babbles of the air and nitrite vapour were then sent 
iu> the exhausted experimental tube, and after Own Lhiity- 
bubbles of air and hydrochloric acid; several minutes' 
ipostire produced no action. Three inches of hydrochloric acid 
; idded, and the same superb blue as that noticed in 
B last experiment Boon made itself manifest. It faded gra- 
aully as the cloud became more dense, and finally merged into 
Idtateas. 

The mixture of nitrite of amyl and hydrochloric Mtd mi 
»Iao examined in small quantities; but though the blue was 
. it had not the splendid depth and purity of colour 
ined with the nitrite of butyl. 

5 "■ 

EiitUj Dijficultiet and Sources of Error. Action, of fnfi»iti<it,t<i> 
QitantitiiK <■/ Vapour. 
The whole of the autumn of 1S68 was devoted to the inves- 
tigation from which I have taken the foregoing brief extracts, 
j this period 100 different substances must, I think, have 
•en subjected to examination, and in the case of many of 
lem the experifnental tube must have been exhausted and 
refilled from 50 to 100 timeB. In some instances, indeed, the 
largest of these numbers falls considerably short of the truth. 
For a time I had no notion of the delicacy of the inquiry, nor 
F the cantion required to prevent the action of infinitesimal 
sidues and impurities from being mistaken for the decompo- 
tion of substances really inert. The necessity of thoroughly 
•aneing, or renewing, every tube and every stopcock, on pass- 
5 from one substance to another, became gradually apparent. 
^ater, alcohol, caustic potash, and acids were successively 
mployed to cleanse the experimental tubes; but the method 
onnd moat convenient, and that finally adopted, was the 
High lathering and sponging-out of the tubes with soft 
Map and hot water, and the flooding of tbein with pure water 
iftarwarda. They are then dried with clean towels, and finally 
•wlished by passing to and fro within them, by means of a 
clean silk handkerchief. The stopcocks are cleansed 
: fresh cocks, a fresh tube, and a fresh plug 
being employed for each fresh substance. 
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Here, as before stated, we begin in the blue, and pass first 
through the whole visible spectrum. Quitting this at the 
place marked < extreme red/ we enter the invisible calorific 
spectrum and reach the position of maximum heat, from 
which, onwards, the thermal power falls till it practically dis- 
appears. 

In other observations the pile was first brought up to the 
position of maximum heat, and moved thence to the extremity 
of the spectrum in one direction. It was then brought back to 
the maximum, and moved to the extremity in the other direc- 
tion. There was generally a small difference between the two 
maxima, arising, no doubt, from some slight alteration of the 
electric-light during the period which intervened between the 
two observations. The following table contains the record 
of a series of such measurements. As in the last case, the 
motion of the pile is measured by turns of the handle, and the 
values of the deflections are given with reference to a maximum 
of 100. 

Table II. — Distribution of Heat in Spectrum of Electric Light. 

Calorific intensity, 
Movement of POt in looths of the 

Maximum 100 

One turn towards risible spectrum . . 94*4 

» >» ... 65*5 

. 42-6 



(extreme red) . 28*8 
. 20 



•• t» 

H tt 

tt tt 

n tt • • • ■ 14*8 

• 11*1 

Two turns in the same direction (green entered) . 7*4 

tt »t • • • 4*0 

ft t» • • • * 

„ „ (pile in blue) . 0*9 

Pile brought back to maximum. 

Maximum 100 

One turn from risible spectrum .... 67*1 

tt tt ... 41 

tt m ... S3 

tt tt • • • IS 

tt 99 ... 9*4 

Two turns 5 

, 8*4 
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§4. 
Graphic Representation of Results. — Curve of the Electric Spectrum. 
— Deviations from Solar Spectrum. 
More than a dozen series of such measurements were exe- 
cuted, and afterwards plotted as ordinates from a datum-line 
representing the length of the spectrum. Uniting the ends of 
these ordinates a number of curves -were obtained, each of 
which represented the distribution of heat in the spectrum, as 
shown by the corresponding series of observations. On super- 
posing, by means of tracing-paper, the different curves, a very 
close agreement was found to exist between them. The annexed 
diagram {fig. 21), which is the mean of several, expresses, with a 
close approximation to accuracy, the distribution of heat in the 
spectrum of the electric -light from fifty cells of Grove. The 
space*A BCD represents the invisible, while ODE represents 
the visible radiation. We observe the gradual augmentation of 
thermal power, from the blue end of the spectrum to the red. 
But in the region of dark rays beyond the red the curve shoots 
suddenly upwards in a steep and massive peak, which quite 
dwarfs by its magnitude the portion of the diagram repre- 
senting the visible radiation.* 

The sun's rays before reaching the earth have to pass through 

* How ore ws to picture the vibrating atoms which produce the different wave- 
lengths of the spectrum? Does the infinity of the hitter, between the extreme enda 
of the spectrum, answer to so infinity of atoms each oscillating at a single rule? 
•ir rn.ro we not la figure the atoms as virtually capable of oscillating at different rates 
at the Mine time? When a sound and Us octave are propagated through the same 
-mass of atr, the resultant motion of the nir ia the algebraic sum of the two separate 
motions impressed upon it. The ear decomposed this motion into its two components 
t^ Helm holt i. Ton-Kin pfindungm, p. 6i] ; still we cannot here figure certain particlea of 
the »ir occupied in the propagation of the one sound, an I certain other particles in the 
propagation of the other. May not what ia true of the air be true of the aHher ? and 
nay not, further, n single atom, controlled nod jostled at it is in fnlid bodies by its 
neighbours, be able to impress upon the fcthcr a motion equivalent to the sum of 
the motions of several atoms each oscillating at one rate? 

It is perhaps worthy of remark, that there appears to be a definite rite of vibration 
lor all solid bodies baring the same temperature, at which the vil dim of their atoms 
is ■ maximum. If, instead of the electric-light, we examine the lime-tight, or ■ 
platinum wire raised to incandescence by an electric current, we find the apex of the 
curve of distribution (B, fig. 21) corresponding throughout to very nearly, if not exactly, 
the some refrangibility. There teems, therefore, to exist one special rata at which the 
atoms of heated solids oscillate with greater energy than Rt any other rate_a non- 
period, which lie* about as far from the extreme red of the spectrum oa the 
the visible one. 
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our atmosphere, where they encounter the atmospheric aqueous 
Tapour, which exercises a powerful absorption on the invisible 




calorific rays. From this, apart from other considerations, i4 
would follow that the ratio of the invisible to the visible raHa- 
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Boon filled the first 10 inches of the tube, sod poshed gradually 
Ufa it. It was followed by a complicated cloud-figure, 
I this again bj a rate-shaped nebula, fainter than either. 
the end of fifteen minutes a body of light, which, considering 
amount of matter involved, waa simply astonishing, was 
charged from the cloud. In one position of the Nicol this 
oiid was a salmon -colour, in the other a blue-green. When 
plate of tourmaline, with its axis parallel to the beam, waa 
along in front of the cloud, at some places it showed a 
Ij vivid bine-green. When placed perpendicular at 
ese places, the field of the errata! was a yellow-green. 
I doubt whether spectrum analysis itself is competent to deal 
:th more minute traces of matter than those revealed by 
tinic decomposition. If the weight of the clond formed in 
is experiment were multiplied by trillions it would probably 
>t amount to a single grain. Bodies placed behind it were 
en uiidimmed through the cloud. The flame of a candle 
suffered no sensible diminution of its light. It wo* eoty to read 
rough the cloud a page vhieh the cloud itttlf Ultmiaated, la 
ct the cloud was a comet's tall on a smnll scale ; and it proved 
demonstration that matter of almost infinite tenuity is corn- 
to shed forth light of similar quality, and in far greater 
tantity than that discharged by the tails of comets.* 
These facts render the statement intelligible that even when 
L reasonable precautions appear to hare been taken it is not 
isy to escape every trace of chemical action on first charging 
ie experimental tube even with an inert substance. In my 
'Iter experiments, when distilled water only waa employed to 
the tube, the first experiment with air alone was sure to 
evelop an actinic cloud of a beautiful fern-leaf pattern. And 
t now, after the most careful employment of the soft soap 
hot water, the first charge of pore nitric, or of pure hydro- 
sloric acid often developes an exceedingly delicate blue actinic 
loud. As regards the optical question, these irregular clouds 
exhibit some of the finest effects. 

One additional fact to illustrate the disturbances incidental to 
is work. Pore nitric acid had been proved over and over again 
exhibit do visible action; but after its inertness had been 
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Rays from Obscure Sources of Heat contrasted with Obscure Rtft 
from Luminous Sources of Heat. — Further Observations on tke 
Construction of a Ray-filter. 

The rays from an obscure Bonrce of heat cannot compote in 
point of intensity with the obscure raya of a luminous source of 
heat. No body heated under incandescence could emit rajs of 
an intensity comparable to those of the maximum region of the 
electric spectrum. If therefore we wish to produce intense 
calorific effects by invisible rays, we must choose those emitted 
by an intensely luminous source of heat. The question then 
arises, how are the invisible calorific rays to be isolated from 
the visible ones ? The interposition of an opaque screen suffices 
to cut off the visible spectrum of the electric-light, and leaves 
us the invisible calorific rays to operate upon at our pleasure. 
Sir William Herschel experimented thus when he sought, bj 
concentrating them, to render the invisible rays of the son 
visible. But to form a spectrum in which the invisible raya 
shall be completely separated from the visible ones, a narrow 
slit or a small aperture is necessary ; and this circumstance 
renders the amount of heat separable by prismatic analysis 
very limited. If we wish to ascertain what the intensely con- 
centrated invisible rays can accomplish, we must devise some 
other 'mode of detaching them from their risible companions. 
We must, in fact, discover a substance which shall fitter the 
composite radiation of a luminous source of heat by stopping 
the visible rays and allowing the invisible ones free transmission' 

Could we obtain a black elementary body thoroughly homo- 
geneous, and with all its parts in perfect optical contact, experi- 
ments already publishod would lead me to expect that such * 
body would form an effectual filter for the radiation of the sn» 
or of the electric-light While cutting off the visible radiatio* 1 ' 
the black element would, I imagine, allow the invisible to pa£*' 
Carbon in the state of soot is black, but its parts are not optical^*' 
continuous. In black glass the continuity is far more perfe*^ 
and hence the result established by Melloni, that black gla~* 
possesses a considerable power of transmission. Gold in ruf 
glass, or in the Btate of jelly prepared by Mr. Faraday, I 
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be exceedingly transparent to the invisible calorific rajs, but it 
not black enough to quench the visible ones. The denBely 
brown liquid bromine is better suited to our purpose ; for, in 
thicknesses sufficient to quench the light of our brightest flames, 
this element displays extraordinary diathermancy. Iodine can- 
not be applied in the solid condition, but it dissolves freely in 
various liquids, the solution in some cases being intensely dork. 
Here, however, the action of the element may be masked by that 
of its solvent. Iodine, for example, dissolves freely in alcohol ; 
bat then alcohol is so destructive of the ultra-red rays that it 
would be entirely unfit for experiments the object of which is to 
retain these rays while quenching the visible ones. The same 
remark applies in a greater or less degree to most other sol- 
vents of iodine. 

The deportment of bisulphide of carbon, both as a vapour and 
a liquid, suggests the thought that it would form a most suit- 
able solvent. It is extremely diathermic, and there is hardly 
another substance able to hold so large a quantity of iodine iu 
solution. Experiments already recorded prove that, of the rays 
emitted by a red-hot platiuum spiral, S»4'5 per cent, is trans- 
mitted by a layer of the liquid 0'02 of au inch in thickness, the 
transmission through layers - 07 and 0-27 of an inch thick 
being 87-5 and 82'5 respectively.* The following experiment 
with a layer of far greater thickness exhibits the deportment of 
the transparent bisulphide towards the more intense radiation of 
the electric-light. A cylindrical cell, 2 inches in length and 
2 - 8 inches in diameter, with its ends stopped by plates of per- 
fectly transparent rock-salt, was placed empty in front of an 
electric lamp ; the radiation from the lamp, after having crossed 
the cell, fell upon a thermo-electric pile, and produced a deflec- 
tion of 



Leaving the cell undisturbed, the transparent bisulphide of 
carbon was poured into it : the deflection fell to 



A repetition of the experiment gave the following results : — 

• pkt'wphica! TWimoWuhw, foL clir. p, 333 ; Phtlotophical Magan 

d. xBriii. p. an- 
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TW reticle whiek holds the iodine in elation would, if 
puftet fcr oor par pose, be pufcttly transparent to tie 
Wai radintuo.; mad the bisulphide of carbon a shown bj the 
forego in g experiment to approach tolerably near peribetlon. 
We hare in il ■ Uiilj iinslih «rf* !■ ■—■!■ Illiii|j ■illi little loathe 
entire radiation of the electric-light- Our object is now to filter 
this total, by the introduction into the bisulphide of a substance 
competent to quench the risible and transmit the invisible rajs. 
Iodine doe* this with marrelknu sharpness. In a short paper 
' On Luminous and Obscure Radiation,* published in the ' Phi- 
losophical Magazine' for November 1864,t the diathermancy i>f 
this snbstance is illustrated by the following table i — 

Table III. — Radiation Uuvngh dinotved Iodine. 



Dark ipual of pl»bnnm wire 
Lupblerk at 212 Fab. 




Gutue . 
White-hot iptrml 

Electric-light, buttery of 50 cells 

These experiments were made in the following way : — A roc^^ 
salt cell was first filled with the transparent bisulphide, and tfc^*' 
quantity of heat transmitted by the pure liquid to the pile W8*** 
determined. The same cell was afterwards filled with the opaqu ' 

■ The diminution of the reflelion from the sides of the cell bj the introduction t^ 
|]ii> bisulphide is not here taken into eecoon 
t Being Memoir VII. of tuJe volume. 
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tint ion, the transmission through which was also determined. 
Jailing the transmission through the transparent liquid 100, 
he foregoing table gives the transmission through the opaque. 
The results, it is plain, refer solely to the iodine dissolved in the 
ulphide, — the transmission 100, for example, indicating, not 
it the solution itself, but that the dissolved iodine is, within 
B limits of observation, perfectly diatlwrmie to the radiation 
rom the first four sources of heat. 

The layer of liquid employed in these experiments was not 
sufficiently thick to quench utterly the luminous radiation from 
electric lamp. A cell was therefore constructed whose 
parallel faces were 2-3 inches apart, and which, when tilled with 
the Bolution of iodine, allowed no trace of the most highly 
concentrated luminous beam to pass through it. Five pairs 
of experiments executed with this cell yielded the following 
results : — 

Badialion from Electric Light; lattery 40 cdU. 



{ Throogh tmnspsrent bisulphide . .47 46 

I Tlirotigb opaque solution . . . 42-3 43-5 

/Through transparent buolpbide . . 44 437 

iThroiigh opaque solution . . . 41-3 40 

Through transparent bisulphide . 42 48 

Calling the transmission through the transparent liquid 100, 
and taking the mean, of all these determinations, the transmis- 
sion through the opaque solution is found by calculation to be 
. An absorption of 13*2 per cent, is therefore to be set 
down to the iodine. This was the result with a battery of forty 
cells ; subsequent experiments with a battery of fifty cells made 
the transmission 89, and the absorption 11 per cent. 

Considering the transparency of the iodine for heat emitted 
by all sources heated up to incandescence, as exhibited in Table 
IIL, it may be inferred that the above absorption of 11 per 
,. represents, the calorific intensity of the lumirtovs rayt 
alone. By the method of filtering, therefore, we make the 
invisible radiation of the electric-light eight times the visible. 
Computing, by means of a proper scale, the area of the spaces 
ABCD,CDE (fig. 21), the former, which represents the invi- 
sible emission, is found to be 7-7 times the latter. Prxtmatic 
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analytic tWfW, mj (A* w<W of filtering yield alnwtt a 

5 6. 
/■ri»U* JWi tf Electric Lialt.— EforU to intensify their I 
Danger of Bisulphite of Curie*, and trial of other * 
— Final Prteantioas, 

In the combination of ti^cJphiJe of carbon and i 
find a means of filtering the composite radiation from i 
luminous source. The solvent is practically transparent, « 
the dissolred iodine rats off every risible ray, its absorp 
power ceasing with extraordinary suddenness at the e 
of the spectrum. Doubtless the absorption extends a lit tie v 
beyond the red, and with a rery great thickness of solution-tbe 
absorption of the ultra-red rays might become very sensible. 
Bat the notation mar be employed in layers which, while c 
petent to intercept every trace of light, allow the invisible c 
rific rays to pass with scarcely sensible diminution. 

The ray-filter here described was first publicly employed h 
the early part of 1S62.* Concentrating by large glass 1 
the radiation of the electric lamp, I cut off the visible portion d 
the radiation by the solution of iodine, and thus formed invisible 
foci of an intensity at that time unparalleled. In the autun 
of 1864 similar experiments were executed with rock-salt lens 
and with mirrors. The paper 'On Luminous and Obscure 
Radiation.' already referred to, contains an account of various 
effects of combustion and fusion which were then obtained witi 
the invisible rays of the electric-light and of the sun.f 

■ failm/taW Tfnmilim: 1661. p. «;. ante. 

t To the experiment* thet* described the following mat be added, u made at &* 
time:— A gins*. g 10 ** s l ««** ™ 'J'™*"*. ■»» filled V"'* 1 "•* opnqoe ■oli.tion. id 
. plated in front of tbt electric-light- am i*t»ese fccoa of inritible ray* »»i fnrmei 
immediately beyond the globe. Black paper beM ia tbi* focus ™ pierced, i l.nraiof 
ring being produced. A second spherical Bssk, 9 inches in diameter, was fill.-l fT 
the aolatioo and emploTed as a lens. The effects, however, were lees powerful ti 
ihoee obtained with thi •"•Her fta*k. 

Two pUoo-conrex lenses of rock-Bait, S inches in diameter, were placed with th 
plane surfacea opposed, but separated from each other by a bran ring jtha of an m 
(hick. Tlie space between the platrs was fl'iled with the nolntioo, ai 
ihmformeJ. faper was fired be this leas. InBoaaoflhee.es 
th# paper be caused to Kane. Hollow pkno-coarex lenaea filled with the a 
re not effectire, the frteal length of those at my disposal being; toil great. 

Jlr. Mavall waa so extremely obliging as to traot fcr his great photographic ci 
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In one position of the Nicot this cloud was yellow, in the 
rectangular position it was blue. Here also the chemical action 
was very vigorous, and the cloud»form very fine. 

Benzol (C ( H 6 ) : — A transparent colourless liquid. 

Contents of Experimental Tube. 

I. Air find benzol xnponr ... 1 inch ; then 
Air and v}iuoiu nitric acid . . 13 inches. 

Nitric acid is known to form with benzol nitro-benzol, a 
liqnid possessing a high boiling-point. But though the mired 
vapours were allowed to remain together fur ten minutes before 
starting the lamp, when the beam passed through the experi- 
mental tube it was optically empty. 

Chemical action commenced a quarter of a minute after the 
ignition of the lamp ; a very delicate blue light was then dis- 
charged from the beam, the centre of which was particularly 
bright and transparent. The light emitted normally remained 
perfectly polarized for one minute. 

I looked through the Nicol towards the cloud. For a minute 
it was absolutely extinguished. Continuing to look in the 
same direction the residual colour appeared, and passed from 
a rich deep violet to a hard whitish-bine. It was exceedingly 
interesting to watch the growth and change of the residual 
colour. At a certain period of its existence it rivalled the 
richest blue of the spectrum. 

In two or three minutes the anterior portion of the tube was 
filled by a thick cloud generated by the beam. The cloud 
rapidly diminished in density as the more distant end of the 
tube was approached. It was composed of two longitudinal 
lobes, which, looked at obliquely in a vertical plane, discharged 
light polarized in planes at right angles to each other. 

When the cloud was looked at normally, the line of vision 
being horizontal, on one side of the centre the polarization was 
positive, on the other side negative. Moved to and fro across 
the neutral section, the sudden expansion and contraction of 
the selenite bands was very curious- 
After twenty minutes' action the neutral section waa 
abolished, and the normal polarization (now feeble) became the 

me throughout the entire length of the cloud. 
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solution took fire, and instantly enveloped the electric lamp 
and all its appurtenances in Same. The precaution, however, 
had been taken of placing the entire apparatus in a flat tessei 
containing water, into which the flaming mass was sunimarily 
burned. The bisulphide of carbon being heavier than the 
water, sank to the bottom, so that the flames were speedily 
extinguished. Similar accidents occurred twice subsequently. 

Such occurrences caused me to seek earnestly for a substitute 
for the bisulphide. Pure chloroform, though not so diathermic, 
transmits the obscure rays pretty copiously, and it freely din* 
solves iodine. In layers of the thickness employed, however, 
the solution was not suffice ntly opaque ; and in consequence of 
its absorptive power, comparatively feeble effects only were 
obtained with it. The same remark applies to the iodides of 
methyl and ethyl, to benzol, acetic ether, and other sub- 
stances. They all dissolve iodine, but they enfeeble the result* 
by their action on the ultra-red rays. 

I had special cells constructed for bromine and chloride of 
sulphur : neither of these substances is inflammable ; but they 
are both intensely corrosive, and their action upon the lungs 
and eyes was so irritating as to render their employment im- 
practicable. With both of these liquids powerful effects were 
obtained ; still their diathermancy, though very high, did not 
come up to that of the dissolved iodine. Bichloride of carbon 
would be invaluable if its solvent power were equal to that of 
the bisulphide. It is not at all inflammable, and it* own 
diathermacy appears to excel that of the bisulphide. Bat in 
reasonable thicknesses the quantity of iodine which it can dis- 
solve is not sufficient to render the solution perfectly opaque. 
The solution forms a purple colour of indescribable beauty. 
Though unsuited to strict crucial experiments on dark rajSi 
thiB filter may be employed with good effect in lecture experi- 
ments. 

Thus foiled in my attempts to obtain a solvent equally good 
and less dangerous than the bisulphide of carbon, I sought W 
reduce to a minimum the danger of employing this substance' 
At an earlier period of the investigation a tin camera w* 3 
constructed, within which were placed both the lamp and *"** 
mirror. Through an aperture in front, 2£ inches wide, tt* 6 
cone of reflected rays issued, forming a focus outside t*-- 18 
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camera. Underneath this aperture was riveted a stage, on 
which the solution of iodine rested, covering the aperture and 
cutting off all the light. In the first experiments nothing 
ntervened between the cell and the carbon points ; but the 
peril of thus exposing the bisulphide caused me to make the 
following improvements : — First, a perfectly transparent plate 
rock-salt, Becured in a proper cap, was employed to close 
! aperture ; and by it all direct communication between the 



Fig. 22. 



Fi S . as: 




solution and the incandescent carbons was cut off. The camera 
itself, however, became quickly heated by the intense radiation 
falling upon it, and the cell containing the solution was liable 
to be warmed both by the camera and by the luminous heat 
which it absorbed. The aperture above referred to was there- 
fore surrounded by an annular space, about 2^ inches wide and 
quarter of an inch deep, through which cold water was 
caused to circulate. The cell containing the solution was 
moreover surrounded by a jacket, and the curreut, having com- 
pleted its course round the aperture, passed round the solution. 
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Tims the apparatus was kept cold. The neck of tl 
stopped by a closely- fitting cork; through this p:i- 
of glass tubing, which, when the cell was placed upon IU 
stage, ended at a considerable distance from the focus of the 
mirror. Experiments on combustion might therefore be carried 
on at the focus without fear of igniting the small B 
vapour which even under the improved conditions might escape 
from the bisulphide of carbon. 

The arrangement will be at once understood by reference to 
figs. 22 and 23, which show the camera, lamp, and filter both 
from the side and from the front, x y, fig. 22, is the mirror, 
from which the reflected cone of rays passes, first, 
the rock-salt window and afterwards through the iodsM 
filter m n. The rays converge to the focus k t where they form 
an invisible image of the lower carbon point ; the image of the 
upper one being thrown below k. Both images tpt . 
forth when a leaf of phdixiz- d platinum in exposed at thr fata, 
At s s, fig. 22, is shown, in section, the annular space in which 
the cold water circulates. Fig. 23 shows the manner in which 
the water enters this space and passes from it to the jickel 
surrounding the iodine-cell m. 



5 7- 
Calorific Effects at Invisible Focus, — Placing i 

With the foregoing arrangement, and a battery ■ 
the following results were obtained : — 

],; , ^ ' A piece of silver-leaf, fastened I 

Owire ring and tarnished by exposur 
the fumes of sulphide of a 
being held in the dark focus, the fi 
flashed out occasionally into 
sea, 
Copper-leaf tarnished in 
manner, when placed at the 
heated to redocM, 
A piece of platinized platinum-foil 
was supported in an exhausted receiver, the vessel being » 
placed that the focus fell upon the platinum. The bi 
. instantly converted into light, a clearly -d .■: 
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igniting the lamp the tube appeared to be quite empty. The 
cloud that had previously filled it had entirely disappeared. 
Half a minute's action of the beam brought down upon it 
copious precipitation, a revival of the action occurring after- 
wards throughout the entire tube. 



Iodide op Isopbopyl CH(CH,),I. 

Contents of Experimental Tube. 

L Air and iodide-of-isopropyl vapour . 1 inch ; then 
Air and nitric acid . . . .15 inches. 

After a moment of apparent emptiness a very splendid action 
set in. A cloud of exceeding brightness suddenly filled the 
space occupied by the convergent beam. The light scattered 
by this anterior cloud was very powerful. At the distant end of 
the tube the action was feeble. I reversed the tube, but the 
precipitation here was by no means so prompt and copious as 
at the other end, into which the vapour had been evidently 
swept by the air and nitric acid. 

The lamp was suspended for about five minutes ; on re-ig- 
niting it a coarse cloud was found within the tube ; but instantly 
through this coarseness a finer cloud of exquisite colour, lumi- 
nousness, and texture was shed. A violent whirling motion 
was set up at the same time. The longitudinal lobes in this 
case were very curiously found. 

II. Air and iodide-of-isopropyl vapour . . 8 inches ; then 
Air and nitric acid . • # . • 8 inches. 

Tube optically empty, but in the.fraction of a minute a shower 
of very coarse particles had fallen upon the beam. They aug- 
mented up to a certain point and then appeared to diminish. 
The reversal of the tube caused fresh precipitation. The ren- 
dering of the beam more convergent also caused augmented 
precipitation, but nothing so fine as in the last experiment. 
The action, indeed, was altogether inferior to the last in beauty 
and energy. 

The action of the lamp being suspended for a few minutes ; on 

*• the tube appeared empty, but in a moment a cloud 

& first obtained was precipitated on the 

tides gushed at irregular, intervals 
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upon the beam On reversing the tube the action was decidedly 
finer than at first. 

Thus, extinguishing the lamp after it has been acting for a 
time, the vapour during the period of suspension undergoes a 
change which enables it to fall as a finer and more visibly 
copious cloud than at the beginning of the action. 

III. Air and nitric acid .... 1 inch ; then 
Air and iodide-of-isopropyl vapour . 16 inches. 

The action commenced immediately, and in less than a minute 
the beam had filled the tube with an unbroken cloud. The beam 
was rendered parallel, and the action permitted to continue for 
eight minutes. The end nearest the light became rapidly empty, 
while in the distant half of the tube the particles fell in heavy 
showers. The whole tube subsequently became almost empty; 
the disappearance of the dense cloud first generated was very 
striking. It would appear as if after the first sudden precipi- 
tation evaporation had set in and restored the particles to the 
gaseous condition. 

Niteite op Amtl (C 5 H n ONO) : — A transparent yellowish liquid. 

Contents of Experimental Tube. 

I. Air and nitrite-of-amyl vapour . . 1 inch ; then 
Air and nitric acid . . . .15 inches. 

The tube was optically empty at starting ; the action began 
in half a minute, the cloud particles formed being very coarse. 
In four minutes the anterior two- thirds of the tube were filled 
with a very coarse cloud, the remaining third with a finer one. 
The whole rotated round a longitudinal axis, and the finer 
portion was rolled into a curious spiral form, and was tinged 
throughout with iridescent colours. The normal polarization 
was almost nil, except in the finer part of the cloud, which was 
slightly blue. 

II. Air and nitrite-of-amyl rapour. . 8 inches ; then 
Air and nitric acid .... 8 inches. 

The tube was optically empty for an instant only, a dense 
precipitation occurring immediately upon the concentrated 
beam. The distant part of the tube, however, was but scantily 
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511ed, showing the sifting action of the nitrite vapour. On 
reversing the tube copious precipitation occurred. After ten 
minutes' exposure the particles tended to settle at the bottom 
af the tube. 

III. Air and nitric acid .... 1 inch ; then 
Air and nitrite-of-amyl Taponr . 15 inches. 

The tube was optically empty only for an instant ; as in the last 
experiment, a dense cloud was immediately precipitated on the 
cone of rays. Here also the distant end of the tube was pro- 
tected by the vapour in front. 

In all these cases the action was distinctly less energetic 
than when the nitrite vapour, mixed with air alone, was exposed 
to the light ; and very much less energetic than when hydro- 
chloric acid was mixed with the vapour. 

Niteite op Butyl (C 4 Hj ONO) : — A transparent yellowish liquid. 

This substance gives no sensible action with nitric acid ; but 
with hydrochloric, as already mentioned, the action is vigorous 
and brilliant. Here are a few of the results : — 

Contents of Experimental Tube. 

L Air and nitrite-of-butyl Taponr . . 1 inch ; then 
Air and hydrochloric acid . . .15 inches. 

The action began a quarter of a minute after starting, a very 
white and brilliant cloud forming upon the concentrated beam 
and quickly spreading throughout the tube. 

II. Air and nitrite-of-butyl Taponr . 8 inches ; then 
Air and hydrochloric acid . . 6 inches. 

The action began in about half a minute, a cloud of com- 
paratively fine particles being precipitated in the cone of 
rays, while the distant part of the tube was filled with coarse 
particles. The cloud was coarser, and the action less energetic 
than in the last experiment. 

HI. Air and hydrochloric acid . . 1 inch ; then 
Air and nitrite-of-butyl vapour . 15 inches. 

After four minutes' action a number of coarse particles had 
formed in the tube together with a faint scroll of cloud. The 
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them on the smallest possible space. The nearer the mirror is 
to the source of rayfl, the more of these rays will it intercept and 
reflect ; and the nearer the focus is to the same source, the 
smaller, and more intense, will the image be. To secure prox- 
imity both of focus and mirror, the latter mast be of siion 
focal length. If a mirror of long focal length be employed, it* 
distance from the source of rayB must be considerable to bring 
the focus near the source ; but when placed thus at a distance, 
a great number of rays escape the mirror altogether. If, on the 
other hand, the mirror be too deep, spherical aberration come* 
into play ; and, though a vast quantity of rays may be col- 
lected, their convergence is*imperfect. 

To determine the best form of mirror, I had three constructed: 
the first is 4*1 inches in diameter, and of l - 4 inch focal length; 
the second 7 - 9 inches in diameter, and of 3 inches focal length; 
the third 9 inches in diameter, with a focal length of 6 inches. 
Fractures caused by imperfect annealing repeatedly occurred; 
but at length I was fortunate enough to obtain the three 
mirrors, each without a flaw. The mirrors were all silvered in 
front, and thus the absorption due to the transmission of the heat 
through glass was avoided. The most convenient distance of 
the focus from the source I find to be about five inches ; and the 
position of the mirror ought to be arranged accordingly. Thu 
distance permits of the introduction of an iodine-cell of sufficient 
depth, while the heat at tlie focus is exceedingly powerful. 

The isolation of the luniiniferous aether from the air u« 
strikingly illustrated by these experiments. The air at the focus 
•may be of a freezing temperature, while the rether possesses an 
amount of heat competent, if absorbed, to imparttot.bat air He 
temperature of flame. An air-thermometer is unaffected vte* 
platinum, is raised to a white heat. Numerous experiments *i" 
suggest themselves to every one who wishes to operate op 00 ' 
the invisible heat-rays. Dense volumes of smoke rise from 
a blackened block of wood when it is placed in the dart 
focus: matches are of course at once ignited, and gmipoffoV 
instantly exploded. Dry black paper held there bursts ia t(l 
flame. Chips of wood are also inflamed, the dry wood of 
a hat-box being very suitable for this experiment. When a 
sheet of brown paper is placed a little beyond the focus, it U 
first brought to vivid incandescence over a Inrge space ; the 
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ittper then yields, and the combustion prapagates itself as a 
urning ring ronnd the centre of ignition. Charcoal is reduced 
) an ember at the focus, and disks of charred paper glow with 
extreme vividness. Sheet-lead and tin, if blackened, may be 
fused, while a thick cake of fusible metal is quickly pierced and 
melted. Blackened zinc-foil placed at the focus bursts into 
flame ; and by drawing the foil slowly through the focus, its 
ignition may be kept up till the whole of the foil is consumed. 
Magnesium wire, flattened at the end and blackened, also bursts 
into vivid combustion. A cigar or a tobacco-pipe may of course 
be instantly lighted at the dark focus. The bodies experimented 
on may be enclosed in glass receivers ; the concentrated rays 
will still burn them, after having crossed the glass. A small 
chip of wood in a jar of oxygen bursts suddenly into flame : 
charcoal burns, while charcoal-bark throws out suddenly showers 
of scintillations. 

59. 

Transmutation of Heat Rays. — Calorescmce. 

In all these cases the body exposed to the action of the 
invisible rays was more or less combustible. But it required 
to be heated to initiate the attack of the atmospheric oxygen. 
Its vividness was in great part due to combustion, and does 
not furnish a conclusive proof that the refrangibility of the 
incident rays was elevated. This, which is the result of greatest 
theoretic import, is effected by exposing n on -combustible bodies 
at the focus, or by enclosing combustible ones in a space devoid 
of oxygen. Both in air and in vacuo platinised platinum-foil 
has been repeatedly raised to a white heat. The same result 
has been obtained with a sheet of charcoal or coke suspended in 
vacuo. On looking at the white-hot platinum through a prism 
of bisulphide of carbon, a rich and complete spectrum was ob- 
tained. All the colours, from red to violet, glowed with extreme 
vividness. The waves from which these colours were priwariiy 
extracted had neither the visible nor the ultra-violet rays com- 
mingled with them; they were exclusively ultra-red. The action 
of the atoms of platinum, copper, silver, and carbon upon these 
rays transmutes them from heat raya into light rays. They 
impinge npon the platinum at a certain rate; they return from 
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it at a quicker rate. Their refrangibility is thus raised, the 
invisible being rendered visible. 

To express this transmutation of heat rays into others of 
higher refrangibility, I would propose the term* calorescence. It 
harmonises well with the term ' fluorescence ' introduced bj 
Professor Stokes, and is also suggestive of the character of the 
effects to which it is applied. The phrase € transmutation of 
rays/ introduced by Professor Challis,* covers both classes of 
effects. 
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Various Modes of obtaining with the Electric-light Invisible Foci 

for Combustion and Calorescence. 

In the foregoing section arrangements are described which 
were made with a view of avoiding the danger incidental to the 
use of so inflammable a substance as the bisulphide of carbon. 
I have since thought of accomplishing this end in a simpler 
way, and thus facilitating the repetition of the experiments. 
The arrangement shown in Figure 25 may be adopted with 
safety. 

A B C I) is an outline of the camera ; 

x y the silvered mirror within it ; 

c the carbon points of the electric-light; 

o p the aperture in front of the camera, through which issues 
the beam reflected by the mirror x y. 

Let the distance of the mirror from the carbon points be such 
as to render the reflected beam slightly convergent. 

Fill a round glass flask with the solution of iodine, and 
place the flask in the path of the reflected beam at a safe distance 
from the lamp. The flask acts as a lens and as a filter at the 
same time, the bright rays are intercepted, and Jbhe dark ones 
are powerfully converged. F, fig. 25, represents such a flask; 
and at the focus formed a little beyond it combustion and 
calorescence may be produced. 

The following results have been obtained with a series of flasks 
of different dimensions, at a distance of 3£ feet from the carbon 
points iz of brow 

fir8t brought 1 Philosophical Magazine, & 4, toL xii. 521. 
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1. With a spherical flask, 6} inches in diameter : platinum 
as raised to redness at the focus, and black paper inflamed. 

2. Ordinary Florence flask, 3£ inches in diameter : platinum 
rised to bright redness over a large irregular space. Near the 
imp, the effects obtained with this flask were very striking. 

Fig. 25. 




3. Small flask, 1*8 inch in diameter, not quite spherical: 
latinum rendered white-hot ; paper immediately inflamed. 

4. A still smaller flask, l a 5 inch in diameter: effects very 
ood ; about the same as the last. 

Fig. 26. 





5. The bulb of a pipette : effects striking, but .not quite so 
rilliant as with the less regularly shaped small flasks. 

It follows, as a matter of course, that where platinum is heated 
> whiteness, the combustion of wood, charcoal, zinc, and mag- 
ssium may also be effected. 




«r ft *>fta ] 
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Again, instead of s flask filled with the opaque solution, 1* 
■ itUss or rock salt lens (L, fig. 27), 25 inches wide, and havin? 
a focal length of 3 inches, be placed in the path of the * 
fleeted beam. The rays are converged ; and at their point ■ 
convergence all the effects of calorescence and combustion i* 3 *' 
be obtained. 

In this case the luminous rays are to be cnt off by acell (f»*^ 
with plane glass sides, which may be placed either befbn? 
behind the lens. 

Finally, the arrangement shown in fig. 28 may be adopb^l 
The beam reflected by the mirror within the camera is recei*^' 
snd converged by a second mirror, ib* y*. At the point of cC^ 9 ' 
venjence, which may be several feet from the camera, all t>-**" 
jjfKvt* hitherto described may be obtained. The light of &-** 
\. RW n iar be cut off at any convenient point of its course ; h*^"*" 
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in ordinary cases the experiment is beat made by employing the 
bichloride instead of the bisulphide of carbon, and placing the 
cell (m n) containing the opaque solution close to the camera. 
The moment the coal points are ignited, explosion, combustion, 
or ealorescence, as the case may be, occurs at the focus. 

The ordinary lamp and camera of Duboscq may be employed 
in these experiments. With proper mirrors, which are easily 
procured, a Beries of effects which, I venture to affirm, will in- 
terest everybody who witnesses them, may with the greatest 
facility be obtained. 

It is also manifest that, save for experiments made in dark- 
ness, the camera is not necessary. The mirrors and filter may 
be associated with the naked lamp. 




I have sought several times to fuse platinum with the invi- 
sible rays of the electric-light, but hitherto without success. 
In some experiments a large model of Foucault's lamp was 
employed, and a battery of 100 cells. In others I employed 
two batteries, one of 100 cells and one of 70, making use 
of two lamps, two mirrors, and two ray-filterB, and converging 
tie heat of both lamps upon opposite sides of the same film 
of platinum placed between them. The platinum was heated 
thereby to dazzling whiteness. I am persuaded that the metal 
eould be fused, if the platinum-black could be retained upon its 
snrface. But this being dissipated by the intense heat, the re- 
flecting-power of the metal comes into play, and lowers the 
absorption so much as to prevent fusion. By coating the plati- 
iiuiu with lampblack it has been brought to the verge of melttug, 




■^ 
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the incipient yielding of the mass being perfectly apparent after 
it had cooled. Here, however, as in the case of the platinized 
platinum, the absorbing substance disappears too quickly. 
Copper and aluminium, however, when thus treated, are speedily 
burnt up. 

§11. 
Invisible Foci of the Lime-light amd the Sw** 

Thus far I have dealt exclusively with the invisible radiation 
of the electric-light; but all solid bodies raised to incandes- 
cence emit these invisible calorific rays. The denser the in- 
candescent body, moreover, the more powerful is its obscure 
radiation. We possess at the Royal Institution very dense 
cylinders of lime for the production of the Drummond light; 
and when a copious oxy hydrogen flame is projected against one 
of them it shines with an intense yellowish light, while the ob- 
scure radiation is exceedingly powerful. Filtering the latter 
from the total emission by the solution of iodine, all the effects 
of combustion and calorescence described in the foregoing 
pages may be obtained at the invisible focus. The light ob- 
tained by projecting the oxyhydrogen flame upon compressed 
magnesia, after the manner of Signor Carlevaris, is whiter than 
that emitted by our lime ; but the substance being light and 
spongy, its obscure radiation is surpassed by that of our more 
solid cylinders.* 

The invisible rays of the sun have also been transmuted. A 
concave mirror, 3 feet in diameter, was mounted on the roof of 
the Boyal School of Mines in Jermyn Street. The focus was 
formed in a darkened chamber, in which the platinized platinum- 
foil was exposed. Cutting off the visible rays by the solution of 

* The discovery of fluorescence by Professor Stokes naturally excited speculation 
as to the possibility of a change of refrangibility in the opposite direction. Mr. Grove, 
I believe, made various experiments with a view to effect such a change ; but very so 00 
after the publication of Professor Stokes' memoir. Dr. Miller pointed to the lime-light 
itself as an instance of raised refrangibility. From its inability to penetrate gift 8 * 
screens, he inferred that the radiation of the oxyhydrogen flame was almost wholly 
ultra- red, an inference the truth of which has been since established by direct priuna&c 
analysis. See Memoir VII. The intense light produced by the oxyhydrogen flam* 
when projected upon lime must, he concluded, involve a change of period from elo* 
to quick, or, in other words, a virtual elevation of refrangibility. — Element* y 
Ck+misiry, 1855, p. 210. 
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thermometer underneath. He found, however, subsequently that by long- 
continued action (linger dauernder Einwirkung) the screen became warm, and 
that a metal screen was materially leas heated than a cork one. With the cork 
screen, however, to use his own words, by far the greater number of the ex- 
periments were made. 

The vessel A B being exhausted by an air-pump, and the screen in its place, 
the thermometer/^ was permitted to assume its maximum temperature. This 
was found to be 26' 7° O f the temperature of the surrounding medium being 
15° C. The difference 11*7° C, which expresses the rise of temperature in a 
vacuum, is set down by Professor Magnus as 100, and with reference to this 
standard all other temperatures are expressed. 

The vessel A B was then successively filled with atmospheric air and other 
gueSjthe thermometer, in each case, being allowed to reach its maximum 
temperature. From 20 to 40 minutes were necessary for this. The observed 
temperatures, reduced to the standard before mentioned, are here given : — 



Vacuum . 


100 


Atmaipherta air 


82 


Oxygen . 


82 


Hydrogen • 


, 1111 


Carbonic acid . 


70 


Carbonic oxide 


81*2 



Nitrous oxide. 


75-2 


Marsh gas 


7C-9 


Ammonia . • 


192 


Cyanogen 


65-2 


Sulphurous acid 


Gti-6 



In every case but one the vacuum-temperature was lowered by the introduc- 
tion of the gas. With hydrogen it was augmented, and this Professor Magnus 
consider* a conclusive proof that hydrogen conducts heat like the metals. He 
obtains substantially the same result when his vessel is loosely filled with 
cotton-wool or eider down. 

The first question that here arises is : What is this vacuum temperature ? 
How does the heat which raises its temperature 117° C. reach the thermometer P 
***s the vacuum conduct it, and are we to consider the hydrogen a better con- 
ductor, and all the other gases worse conductors, than a vacuum P Simple as 
*% at first sight appear, it is very difficult to seize upon the exact meaning 
^tached by Professor Magnus to his results. The instrument is protected from 
the direct radiation of the primary source, what then is the proximate source of 
Wt which warms the thermometer P It is in a vessel of ' very thin ' glass, 
surrounded everywhere, save at its upper radiating surface, and the parts 
closely adjacent, by cold water. There cannot, I think, be a doubt that the 
thermometer derives its heat from the screen, which is almost in contact with 
ita bulb ; and that the screen, in its turn, is heated by the source of 100° C, less 
than pu inch and a half above it. 

Professor Magnus excludes all thought of convection as having anything to 
do with the lowering of the temperature by the foregoing gases. He also 
entertains no doubt that every one of them possesses the power of conduction; 
but he concludes that, except in the case of hydrogen, this power is masked 
and overcome by their opacity to radiant heat. ' From this/ he says, * it follows 
that these gases oppose a hindrance to the transmission of radiant heat, and that 
they are athermanous to such a degree that their athermancy exerts a greater 
influence than their capacity to conduct heat.'* 

• I quote from the translation in the PMLmophical Magazine. Professor Mapnus'a own 
words are, * Daraus folgt, daas diese Gase der Yerbreitung dcr strahlenden JVttrme ein 
Hindernim entgegensetzen, und das* tie in solchem Masse ftihermansind, dass ihre Aetber- 
mansie duen grfesern Einfluss ttbt als ihre Fahigkeit die Warms zu leiten.' 



"1 



302 ON CALORESCENCE, OB THE 



as to render it exceedingly difficult to work with the solution 
of iodine. It boiled np incessantly, exposure for two or three 
seconds being sufficient to raise it to ebullition. The high ratio 
of the luminous to the non-luminous radiation is doubtless to 
be ascribed in part to the absorption of a large portion of the 
latter by the aqueous vapour of the air. From it, however, may 
also be inferred the enormous temperature of the sun. 

Converging the sun's rays with a hollow lens filled with the 
solution of iodine, calorescence was obtained on the roof of 
the Royal Institution. 

Knowing the permeability of good glass to the solar rajs, I 
requested Mr. Mayall to permit me to make a few experiments 
with his fine photographic lens at Brighton. Though exceed- 
ingly busy at the time, he in the kindest manner abandoned 
to my assistant, Mr. Barrett, the use of his apparatus for the 
three best hours of a bright summer's day. A red heat was 
obtained at the focus of the lens after the complete withdrawal 
of the luminous portion of the radiation. 

§ 12. 

Relation of Colour to Combustion by Dark Bays. 

Black paper has been very frequently employed in the fore- 
going experiments, the action of the invisible rays upon it 
being most energetic. This suggests that the absorption of those 
rays is not independent of colour. A red powder is red because 
of the entrance and extinction of the luminous rays of higher 
refrangibility than the red, and the ejection of the unabsorbed 
red light by reflexion at the limiting surfaces of the particles 
of the red body. This feeble absorption of the red extends • 
to the rays of greater length beyond the red ; and the con- 
sequence is that red paper when exposed at the focus of in- 
visible rays is scarcely charred, while black paper bursts in a 
moment into flame. The following table exhibits the condition 
of paper of various kinds when exposed at the dark focus of an 
electric-light of moderate intensity : — 

Paper Condition. 

Glazed orange-coloured paper . Barely charred. 

». red „ „ . Scarcely tinged ; lew than the orange, 

green ,, „ . Pierced with a small burning ring, 

bine „ „ The same as the last. 
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Gluni block paper . 


. Pierced ; ntid immediately wt ablnse. 


„ while „ . 


. Charred ; nnt pierced. 


Thin fan icn-poit 


. Barely charred ; less th»n ihe white. 




. Still less charred ; about the same as tin- 




orange. 


Tfain while blotting-paper . 


. Scarcely tinged. 


„ whitey-brown „ 


The same; a gowl deal of heat «eelu« til 




get through these Inst two papers. 


Ordinary brown 


. Pierced immediately; a burning ring ex- 




panding on all aides. 


Thick hrown „ . 


, Pierced ; not to good us the last. 


Thick while sand-paper . 


. Pierced with a burning ring. 




. The name (is the hurt. 


Dead-black 


. Pierced , and immediately set ablaze. 



We have here an almost total absence of absorption on the 
>art of the red paper. Even white absorbs more, and is conse- 
jaently more easily charred. 

Rubbing the red iodide of mercury over paper, and exposing 
the reddened surface at the focus, a thermograph of the coal 
points is obtained, which discharges the colour at the place on 
which the invisible image falls. Expecting that this change of 
colour would be immediate, I was at first surprised at the time 
accessary to produce it. We are here reminded of Franklin's 
txperiments on cloths of different colours, and his conclusion 
hat dark colours are the best absorbers. This conclusion might 
eadily be pushed too far. Franklin's colours were of a special 
:iiid, and their deportment by no means warrants a general con- 
losion. The invisible rays of the sun possess, according to 
iliiller, twice the energy of the visible ones. A white substance 
nay absorb the former, while a dark substance — dark because of 
ts absorption of the feeblest portion of the radiation — may not 
Loso. The white powder of alum and the dark powder of iodine, 
•xposed to the action of a source in which the invisible rays 
greatly surpass the visible in calorific power, exhibit a deport- 
ment at direct variance with the popular notion that dark coloura 
»vre the best absorbers, 



5 13. 

Calorw-ncc through Ray-filters of Glass. — Remarks on the 
Black-lulb Thermometer. 
In conclusion, I would briefly refer to a few experiments 
wade to determine the calorescence obtainable through g 
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of various colours- In the first column of the subjoined tali 
the colour of the glass is given ; in the second column the e5# 
observes wheat a hriHisnt spectrum was regarded through ti 
glass ; and in the third column the appearance of a leaf I 
i platinum when placed at the focus, after the cos 
a had psssed through the glass : — 






llesD blue 

L%bt Uu) 

Another blm-glwi 

Bl«k glut So. 1 

Black glau No. 3 
BUck gtasa No. 3 




f Dims all Uu ipwtnun : whit* 

i light truumittad 

I* Whitish green light trans- 



Pink h 

Buelj viuiblfl ni 

Dull rod. 

Bright Ted, otuf 



The extremely remarkable feet here reveals itself, that whe 
the beam of the electric lamp is sifted by certain bine glaM^ 
the platinum at the foens glows with a distinct pink colon) 
Every care was taken to avoid subjective illusion here. Th 
pink colour was also obtained at the foens of invisible r&j* 
Withdrawing all the glasses, and filtering the beam by i 
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In general the results yielded by the two tubes are widely different from each 
other. Thus in the blackened tube atmospheric air and oxygen absorbed only 
2*44 per cent of the incident heat, while in the unblackened tube they absorbed 
14*75 per cent Hydrogen in the blackened tube absorbs 3*75 per cent., while 
in the unblackened one it absorbed 10*27 per cent. These great discrepancies 
are ascribed by Professor Magnus to a change in the quality of the heat by the 
act of reflexion. 

In the memoirs here placed before the reader, these results are ascribed to a 
very different cause ; they are in some cases wholly, and in all cases partly, the 
result of convection. With such a source of heat and in such a tube the action 
of properly purified atmospheric air on radiant heat is absolutely incapable of 
measurement by the method described, or even by far more powerful methods. 
This is demonstrated by experiments with glass tubes introduced expressly for 
the purpose of testing both the facts and explanations of Professor Magnus. 
The measurements in the case of the other gases are of course all affected by 
the circumstances here referred to. Take one example, that of ammonia. 
According to the foregoing table, its absorption in the unblackened tube is 
about 3 times that of air ; the multiple ought to be raised, at the very least, 
from 3 to 1000. Similar remarks would apply to the other gases. 



The course of the discussion, as far as it is pursued in the preceding Memoirs, 
is indicated in the ' analyses ;' but from time to time experiments and reasonings 
not thus touched upon, but which merit a passing reference, were introduced 
on both sides. Of this character is the paper by Professor Magnus referred to in 
the following observations. 



Observations on Professor Magnus's Paper ' On the Influence 
of the Absorption of Heat on the Formation of Dew/ 

1. Explanatory Remarks. 

In Poggendorffs ' Annalen * for 1866, vol cxxviii,* Professor Magnus published 
a paper ' On the Influence of the Absorption of Heat on the Formation of Dew. 9 
After speaking of the difficulty of determining the radiation of heat by gaseous 
bodies, he goes on to say : ( I have, however, made a few determinations of 
the radiation of dry and moist air, and some other gases and vapours. Up to 
the present time (February 1866), the capacity of these bodies to transmit heat 
has alone been determined.' For the sake of avoiding misapprehensions which 
he would not countenance, it may be remarked that in my first Memoir 
(January 1861), I not only deal with transmission, but publish direct experi- 
ments on radiation, and show the order of radiation to be the same as that of 
absorption. It is to these experiments that Professor Magnus refers in such, 
flattering terms in the letter quoted at page 61. In my second Memoir, 
moreover (January 1862), the dynamic radiation and absorption of both gases 

• PhU. Mag. vol xxxii. p. Ill 
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posed in the path of the condensed invisible beam, scarcely 
dimmed the brilliancy of the thermograph. The intense calo- 
rific rays of the electric-light pass through such glass with 
freedom. We here come to a point of considerable practical 
importance to meteorologists. When such pure-white glass 
in a molten condition has carbon mixed with it, the re- 
sulting black glass is still eminently transparent to those 
invisible heat-rays which constitute the greater part of the 
snn's radiation. I have pieces of glass, to all appears 
which transmit ti3 per cent, of the total heat of the electric 
light; and there is not the slightest doubt that, in thicknesses 
sufficient to quench entirely the light of the sun, each glasses 
would transmit a large portion of the invisible heat-rays. 
This is the glass often, if not uniformly, employed in the 
construction of our black-bulb thermometers, under the im- 
pression that the blackening secures the entire absorption of 
the solar rays. This conclusion is fallacious, and the instru- 
ments are correspondingly defective. A large portion of the 
sun's rays pass through such black glass, impinge upon the 
mercury within the bulb, and are ejected by reflexion. Such 
rays contribute nothing to the heating of the thermometer. 

A sheet of common window-glass, apparently transparent, 
was placed between the iodine solution and the platinom- 
leaf at the focus ; the thermograph was more dimmed than 
by the black glass last referred to. The window^laes here 
employed, when looked at edgeways, wa3 green; and this 
experiment proves how powerfully this green colouring- matter, 
even in infinitesimal quantity, absorbs the invisible heat-ran. 
Perfect impervious n ess might doubtless be secured by aug- 
menting the quantity of green colouring- matter. /( it wit* 
glass of this description tliat the carbon should be mixed in Hi» 
construction of black-bulb thermometers ; on entering such glass 
the solar rays would be entirely absorbed, and greater different 
than those now observed would probably be found to eii*t 
between the black-bulb and the ordinary thermometer. 



IX. 

ON THE INFLUENCE OF COLOUR AND MECHANICAL 

CONDITION ON RADIANT HEAT. 



ANALYSIS OF MEMOIE IX. 

FHiKKtra's conclusion, that dark bodies absorb heat more greedily than Unit 
ones, glanced at in the Inst memoir (§ 12), is proved at the outset of this m» 
to be by no means general. The dark powder of iodine is contrasted with lbs 
white powder of alum, and it is shown thnt the white body is by fat tin 
most powerful absorber. 

The fact of its bt-iug an element, and its proved diathermancy in Bohtiio, 
suggested iodine as a fitting substance to test the law of Franklin. 

The deportment of other elementary Is-dies is then glanced ot, sjid two Vindi 
of opacity are distinguished from each other — the one caused by a true absorp- 
tion, the other by the multiplied reflexions at the surfaces of particles not in 
optical contact 

Thus ordinary sulphur steps the calorific rays, hut not by absorption, iind it 
is difficult therefore to burn it at the most intense focus. Were all its parts in 
optical contact, free transmission would follow. In pure crystallised sulphur 
this contact is attained, and the diathermancy of the substance is then remark- 
able. 

Black amorphous phosphorus, notwithstanding its inflammability, bears in- 
tense radiant heat for some time without ignition; ordinary phosphorus does 
the same. And this substance, which is dissolved in large quantities by bisul- 
phide of carbon, proves, when thus dissolved, almost perfectly diathermic. 

That substances which nhsnrb radiant heat are those only which can be 
burnt by radiant heat, is further illustrated by pounded loal'-sugar when com- 
pared with table-salt. The one is i iu mediately fused and ignited at the dark 
focus, the other is scarcely warmed. 

It is also ahown that a beam sifted by water, though its heat may be very 
great, has no power to melt the most delicate hoar-froet, and from this it is 
inferred that the melting of the Alpine snows and ice is the work not of the 
visible but of the invisible rays of the sun. 

Alcohol is shown to boil almost instantaneously at a focus where bisulphide 
of carbon is scarcely warmed. The errors on these points which have crept into 
physical treatises are shown to be due to the fact that a large portion of the 
sun's etniasion consists of rays regarding which neither colour nor optical trans- 
parency gives us any information. 

Throughout these memoirs rodiatiou and absorption have been looked upon 
as the nets of atuin* and biiWm ; chemical constitution, rather than physical 
condition, being regarded as the really potent agency. Still the numerous 
experiments of Masson ami Court iJpee seemed clearly to prove that all bodice, 
however different chemically, in a fine state of division possessed the game 
power of radiation and absorption. Mulloni had also compared white and 
black substances, and found no difference in their radiative powers. 

It is shown, however, that in all those experiments it was not the powders, 
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"but the varnish in which the powders were imbedded, that was really the sub- 
ject of experiment. Hence the observed equality. When the varnish is 
abandoned, differences in radiative and absorptive power immediately appear. 

The powders here employed as radiators were first attached to a hot surface 
by sulphur cement; they were afterwards held there by electric attraction. 
Both methods showed the diversity existing among chemical precipitates as 
regards the radiation and absorption of heat. 

As regards colour, no general conclusion is possible : black, in some cases, 
transcends white ; white, in other cases, excels black; while two blacks, or two 
whites, may differ greatly from each other. The use of glue, or varnish, to 
attach the powders to the hot surface abolished these differences. 

Thirty-two different powders held by sulphur cement are thus examined, and 
found to vary in radiating power from 35-3 in the case of rock-salt, to 84 in the 
ease of lampblack. Twenty-six powders held by electric attraction are examined, 
and found to vary from 24*5, in the case of rock-salt, to 06*8, in the case of black 
oxide of iron. 

The transmission by rock-salt of the heat emitted from twenty-four different 
substances is determined ; and found to vary from 62*8, where rock-salt is itself 
the source of heat, to 89 where black platinum is the source. Looking at the 
absorptions by rock-salt instead of the transmissions, they are found to vary from 
8*7 with the platinum as source of heat to 29*9 with rock-salt itself as a source. 
These experiments lea^e no doubt upon the mind that the investigators were 
correct who affirmed rock-salt to be no* equally diathermic to all kinds of 
heat. 

Experiments then follow illustrating the reciprocity of radiation and absorp- 
tion. 



IX. 

3N TBJI INFLUENCE OF COLOUR AND MECHANICAL 
CONDITION ON HADIANT HEAT.* 

Proof 



§ 1. 



oof that While TioiU>:s Bfinii:tim<:g abxorh Tltat more copiously 
tluin Dark ones. — Explanation. 
lASKms placed cloths of various colours upon snow and 
lowed the sun to ahine upon them. They absorbed the solar 
ys in different degrees, became differently heated, and sank 
erefore to different depths in the snow beneath them. His 
inclusion was that dark colours were the best absorbers, and 
»ht colours the worst; and to this hour we appear to have 
xn content to accept Franklin's generalization without quali- 
aition. In my last memoir I briefly pointed out its probable 
;fects. Did the emission from luminous sources of heat consist 
:elusively of visible rays, we might fairly infer from the colour 
a substance its capacity to absorb the heat of such sources. 
»t the emission from luminous sources of heat is by no means 
visible. In terrestrial sources of heat by far the greater 
■rt, and in the sun a very great part, of the emission consists 
invisible rays, regarding which colour teaches us nothing. 
ft remained therefore to examine whether the results of 
•■oklm were the expression of a law of nature. Two cards 
^e taken of the same size and texture ; over one of them was 
ken the white powder of alum, and over the other the dark 
r tler of iodine. Placed before a glowing fire and permitted 
-Ssume the maximum temperature due to their position, it 
found that the card bearing the alum became extremely 

■Efcecrirfd December 2Int, 186/> 
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hot, while that hearing the iodine remained cool. No thermo- 
meter waa necessary to demonstrate this difference. Placing, 
for example, the back .of the iodine card against the foivhrad 
or cheek, no inconvenience waa experienced ; while the back of 
the alum card similarly placed proved intolerably hot. 

This result was corroborated by the following experiments:— 
One bulb of a differential thermometer was covered with iodine, 
and the other with alum powder. A red-hot spatula being 
placed midway between both, the liquid column associated with 
the alum-covered bulb was immediately forced down, and main- 
tained in an inferior position. Again, two delicate mercurial 
thermometers had their bulbs coated, the one with iodine, the 
other with alum. On exposing them at the same distance to 
the radiation from a gas flame, the mercury of the alum-covered 
thermometer rose nearly twice as high as that of its neighbonr. 
Two sheets of tin were coated, the one with alum, and the other 
with iodine powder. The sheets were placed parallel to each 
other, and about 10 inches asunder; at the back of each Ml 
soldered a little bar of bismuth, which with the tin plate to 
which it was attached constituted a thermo-electric couple, 
The two plates were connected together by a wire, and the free 
ends of the bismuth bars were connected with a galvanometer. 
Placing a red-hot ball midway between both, the calorific rari 
fell with the same intensity on the two sheets of tin, but the 
galvanometer immediately declared that the sheet-which bore 
the alum was the most highly heated. 

In some of the foregoing cases the iodine was'simply shaken 
through a muslin sieve ; in other cases it was mixed with bisul- 
phide of carbon and applied with a camel's-hair brush. "When 
dried afterwards it was almost as black as soot ; but as an ab- 
sorber of radiant heat it was no match for the perfectly whit* 
powder of alum. 

The difficulty of warming iodine by radiant heat is evidently 
due to the diathermic property which it manifests go striking? 
when dissolved in bisulphide of carbon. The heat enters the 
powder, is reflected at the limiting surfaces of the partk'H 
but it does not lodge itself among the atoms of the ic-line. 
"Wheu shaken in sufficient quantity on a plate of rock-salt and 
placed in the path of a calorific beam, iodine cuts the latter oS- 
* But its opacity is mainly that of a white powder to light; it tf 
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mpervious, not through, absorption, hut through repeated internal 
•efletzion. Ordinary roll sulphur, even in thiu oaken, allows no 
MilLint heat to pass through it ; but its opacity ia also due to 
-epeated internal reflexion. The temperature of ignition of 
llphur ia about 244° (..'. ; but on placing a small piece of the 
iubt>tance at the focus of the electric lamp, where the teuipera- 
e was sufficient to heat platinum -foil in a moment to white- 
ns, it required exposure for a considerable time to fuse and 
lite the aulphur. Though impervious to the heat, it was not 
iiathermic. The milk of sulphur waB alBO ignited with some 
Eeulty. Sugar is a much less inflammable substance than 
ulphur, but it is a far better absorber ; exposed at the focus, it 
s speedily fused and burnt up. The heat, moreover, which is 
mpetent to inflame sugar is scarcely competent k> warm 
le-salt. 

A fragment of almost black amorphous phosphorus was 
wsed at the dark focus of the electric lamp, but refused 
i be ignited. A still more remarkable result was obtained 
with ordinary phosphorus. A small fragment of this ex- 
ceedingly inflammable substance could be exposed for twenty 
seconds without ignition at a focus where platinum was almost 
instantaneously raised to a white beat. Placing a morsel of 
phosphorus on a plate of rock-salt and holding it before a 
glowing fire, it bears, as proved by my assistant, Mr. Barrett, 
l intense radiation without ignition ; but laid upon a plate of 
glass and similarly exposed, the phosphorus soon fuses and 
aites; its ignition, however, is not entirely due to radiant 
•at, but mainly to the heat imparted to it by the glass.* 
The fusing-point of phosphorus is about 44° C, that of sugar 
; still at the focus of the electric lamp the sugar fuses 
before the phosphorus. All this is due to the diathermancy of 
; phosphorus : a thin disk of the substance placed between 
wo plates of rock-salt permits of a copious transmission. This 
lietance therefore takes its place with other elementary bodies as 
•yards deportment towards radiant heat. 
The more diathermic a body is, the less it is warmed by ra- 
diant heat, and no perfectly transparent body could be warmed 
j purely lumiuous heat. The surface of a vessel covered with 

• 1 taller? Ibis deportment of phoaphoruB toward! radiant heat is not unknown to 
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a thick far of hoar frost was exposed to the beam of the electric 
lamp condensed by a powerful mirror, the beam having been 
previously sent through a cell containing water; the rifted hem 
was powerless to remove the frost, though it was competent to sA 
wood on fire. We may largely apply this result. It is not, for 
example, the luminous rays but the dark rays of the sun which 
sweep the snows of winter from the slopes of the Alps. Brery 
glacier-stream that rushes through the Alpine valleys is about t 
wholly the product of invisible radiation. It is also the in- 
visible solar rays which lift the glaciers from the sea-level to 
the summits of the mountains ; for the luminous rays penetrate 
the tropical ocean to great depths, while the non-luminous ones 
are absorbed close to the surface, and become the main agents 
in evaporation. 

It is often stated, without limitation, in chemical treatises 
that sulphuric ether may be exposed at the focus of a concave 
mirror without being sensibly heated; but this can only be 
true of a sifted beam. At the focfus of the electric lamp, not 
only ether, bujb alcohol and water are speedily caused to boil, 
while bisulphide of carbon, whose boiling-point is only 48° C, 
cannot be raised to ebullition. In fact exposure for a period 
sufficient to boil alcohol or water is scarcely sufficient to render 
bisulphide of carbon sensibly warm. 

§ 2. 

Melloni on Colowrs, and Masson and CourtepSe on Powders, 

in relation to Radiant Heat. 

If any one point came out with more clearness than any 
other in my experiments on gases, liquids, and vapours, it was 
the paramount influence which chemical constitution exerted 
upon the phenomena of radiation and absorption. And, seeing 
how little the character of the radiation was affected by the 
change of a body from the state of vapour to the state of liquid, 
I held it to be exceedingly probable that even in the solid state 
chemical constitution would exert its power. But opposed to 
this conclusion we had the experiments of Melloni on chalk and 
lampblack, and the far more extensive ones of Masson and 
Court£p£e on powders, which seemed clearly to show that in a 
state of extremely fine division, as in chemical precipitates, the 



(Hunt and absorbent powers of all bodies are the same. From 
eae experiments it was inferred that the influence of physical 
ndition was so predominant as to cause that of chemical con- 
itution to disappear.* 

A serious oversight, however, seems to have connected itself 

ith all the experiments of these distinguished men. Melloui 

died his lampblack and powdered chalk with gum or glue, 

applied them by means of a camel 's-hair brush on the 

surfaces of his radiating tube, Masson and Courtepee did the 

Molkmi, it is true, thus compared a black surface with 

white one ; but the surfaces were seen to be white and black 

trough the transparent gum, which in both cases was the real 

radiator. The same remark applies to Masson and Courtepee. 

•ery particle of the precipitates they employed was a varnished 

•article ■ and the constancy they observed was, I imagine, due 

the fact that the main radiant in all their experiments was 

3 substance employed to make their powders cling to the 

of their cubes. 
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New Experiments on Chemical Precipitates. — Influence of Colour 
and Chemical Constitution.- — Sulphur Cement. 

Gum or glue is a powerful radiator — in fact, equal to lamp- 
ilaclt ; and it is a correspondingly powerful absorber j the par- 
icles surrounded by it had therefore but small chance of radi- 
ating through it. I sought to remedy this by the employment 
C a diathermic cement. Sulphur is highly diathermic; it dis- 
solves freely in bisulphide of carbon ; and at the suggestion of 
chemical friend it was employed to fix the powders. The cube 
s laid upon its side, the surface to be coated being horizontal, 
jid the bisulphide, containing the sulphur in solution, was 
toured over the surface. Before the liquid film had time to 
vaporate, the powder was Bhaken upon it through a muslin 
ieve. The bisulphide passed rapidly away in vapour, leaving 
ae powder behind imbedded in the sulphur cement. Each 
lowder, moreover, was laid on sufficiently thick to prevent the 
Valphur from surrounding its particles. This, though not per- 

Mumn'iind Court£p£», Campta Eendut, vol. xir. p. 338; Jainin, Court 4a 
f . 389. 
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haps a perfect way of determining the radiation of powders, 
was at all events an improvement on former methods, and 
yielded different results. 

Ten or twelve cubes of tin were employed in the investigation. 
One side of each of them was coated with milk of sulphur, and 
the fact that this substance was used throughout the entire aeries 
of cubes enabled me to connect all the results together. The 
cubes were heated with boiling water, and placed in succession 
at the same fixed distance in front of the thermo-electric pile, 
which as usual was well defended from air-currents and other 
extraneous sources of disturbance. Before giving the complete 
table of results, I will adduce a few of them, which show in i 
conclusive manner that, in solid bodies also, radiation is molecular 
rather than mechanical. 

The biniodide of mercury and the red oxide of lead resemble 
each other physically, both of them being of a brilliant re4- 
Chemically, however, they are very different. Examined iu the 
way indicated, their relative powers as radiators were found to 
be as follows : — 



■Mr* 


OnTmlcn! Formula 


iniodide of mercury 


■ - (Hal') 


ted oxide of load . 


. (2 Fb 0, Pb 0') 






Mixed with gum and applied with a camel's-hair brush to 
the surfaces of the cube, the radiation from theBe two sub- 
stances fell out thus: — ' 



Here the influence of the gum entirely masks the difference 
due to molecular constitution. 

The effect of atomic complexity upon the radiation is well 
illustrated by the deportment of these two substances. It i* 
further illustrated by the deportment of two different iodides of 
mercury : — 

ItadTntlaD 
Biniodide of mercury {Hg I*) 397 

Iodide of mercury (Hg* I«) 46-<J 



Here the addition of a second atom of mercury to the 
molecule of the biniodide raises the radiation 7 per cent. The 
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jeriment furnishes a kind of physical justification of the 
ictice of chemists in regarding the molecule of yellow iodide 
f mercury to be Hg* I 1 , and not Hg I. 
The peroxide and protoxide of iron gave the following 



I did not expect this, the protoxide being a less complex 
molecule than the peroxide. On examination, however, the 

•otoxide was found to be in part the magnetic oxide. The 
form iibe of the two substances are Fe* 0* and Fe 0, Fe* s , 
ind the anomaly therefore disappears. 

Amorphous phosphorus and sulphide of iron gave the fill- 
ing results : — 



Sugar and salt were reduced in a mortar to the state of 
exceedingly fine powders. In point of cohesion and physical 
fspect these substances closely resemble each other; their 
radiative powers, however, are as follows : — 



Sugar 70 

In his last interesting paper on emission at a red heat,* M. 
Desains mentions oxide of zinc as a body which at 100° C. has 
the same emissive power as lampblack. This is nearly true for 
the hydrated oxide ; with the calcined oxide the following is 
the relation : — 



Lampblack . 
Hydrnlcd oxide of zi 
Calcined „ , 



Two red powders have been already compared together. 

With black platinum and black oxide of iron the following 

; suits were obtained : — 
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The black platinum here employed was obtained by electro- 
lysis. !i sheet of platinum- foil being coated with the substance. 

Chloride of silver and carbonate of zinc, two white powders, 
gave the following results : — 



When held upon its cube by the sulphur cement, the chloride 
of silver soon darkens in the diffuse light of the laboratory. It 
first becomes lavender, and passes through various stages of 
brown to black. During these changes, which may be &uo> 
elated with a chemical reaction between the chloride of silver 
and the sulphur in which it is embedded, the radiation steadily 
augments. Beginning in one instance with a radiation of 25, 
the chloride ended with a radiation of 60, 

We have thus far compared two red surfaces, two black 
surfaces, and two white surfaces together. The comparison of 
a black and white surface gave the following result : — 



Here the radiation of the white body far transcends that from 
the black one. 

Comparing black and white a second time, we have the 
following result : — 



Here the black radiation is sensibly equal to the white one. 

Comparing black and white a third time, we have the 
following result : — 



Here the radiation of the black body far transcends that o> 
the white one. 

We have thus compared red powders with red, black **'" 
black, white with white, and black with white ; and ti e 
Conclusion to be drawn is, I think, that chemical eonstituti" 11 ' 



<4 ^_ 
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SO far from being of vanishing value, ia a really potent 
influence in the experiments. Combined with previous ones, 
they Bhow that the influence of chemical constitution makes 
itsflf felt in all states of aggregation— gaseous, liquid, and 
solid — whether the solid be a chemical precipitate or a coherent 
nass. 

Were the radiative power of these substances determined by 
-he state of division, it would probably make itself sensible even 
a a case where the division is effected by the pestle and mortar ; 
but I do not find this to be the case. A plate of glass was fixed 
against the polished surface of a Leslie's cube, and on the plate 
the powder of glass, rendered as fine as the pestle and mortar 
conld make it, was strewn. It was caused to adhere without 
cement of any kind. The cube was filled with boiling water and 
presented to the thermo-electric pile until a permanent deflec- 
tion was obtained. The cube being permitted to remain in its 
position, the powder was simply removed with a camel's-hair 
brush. The increase of radiation was only such as might be 
expected from the slight difference of temperature between the 
surface of the glass plate and the powder strewn upon it. Similar 
experiments, with precisely similar results, were made with a 
plate of rock-salt, on which the finely divided powder of rock- 
salt was shaken. 

Still the same substance in different states of molecular 
aggregation may produce very different effects, both as regards 
radiation and absorption. We have already had an instance of 
this in the case of ozone as compared with ordinary oxygen. 
Tlie following instance may also be cited : — 

Oue side of a Leslie's cube was covered with a sheet of bright 
platinum-foil, and a second face by a similar sheet on which 
black platinum had been deposited by electrolysis. As radia- 
tors these two sheets of foil behaved in the following n 






Bright pUtinum- 
Platinized plutim 



[ere the radiation of the black platinum is nearly eight times 
iat of the bright substance. 
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Tabulation of the Radiant Powers of Powders. — Employment of 
Electric Attraction instead of Sulphur Cement. 

For the sake of reference, I will here tabulate the result* 
obtained with a considerable number of precipitates when e«b- 
jected to the described conditions of experiment. 



Table I.— Radiation from Powders imbedded in Sulphur Gemctt 



Rock-salt 


353 


Sulphide of molybd 


DUD 


Biniudido of mercury 


397 


Sulphate of baryta . 


Milk of sulphur . 


we 


Chromste of lead . 


Common salt . 


tt-l 


Red oxide of lead . 


Telia* iodide of mercury 


40-fl 


Sulphide of cadmium 


Sulphide of mercury 


46'8 


Subchloride of copper 


Iodide of lend. 


*7-3 


Oxide of cobalt 


Chloride of lead 


634 


Sulphate of lime 




Chloride of cadmium 


666 


Carbonate of tine 




Chloride of barium . 


68'2 


Red oxide of iron 




Chloride of aikor (dirk) . 


586 . 


Sulphide of copper 




Fluor-spar . . 


68-4 


Hydrated oxide of 1 


nc 


TiTHilphiiir of antimony. 


69-4 


Black oxide of iron 




Car Inmate of lime . 


702 


Sulphate of iron 




Oijs ill phi do of antimony 


70-5 


Iodide of copper 




Sulphide of calcium 


71 


Lampblack 





I subsequently endeavoured to get rid of the sulphur cement, 
and to make the powders adhere by wetting them with pore 
bisulphide of carbon, applying them to the cnbes while wet, 
Sotne of the powders clung, others did not. My ingeni° M 
friend Mr. Dnppa suggested to me that the powders aright* 1 
held on by electrifying the cubes, I tried this plan, and few 
it simple and practicable. It was, however, aided by a drffl*' 
stance which we did not anticipate. The cube being placed 
Upon an insulating stand with its side horizontal, the powder w* 8 
shaken over it, and electrified by a few turns of a machine, « 
waB found that the cube might then be discharged and set U P" 
right, the powderB clinging to it in this position. The Mff™ 
obtained with this arrangement are recorded in the following 
table :— 
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Table II. — Radiation from Powders held by Electricity. 



Bock-salt 

Chloride of silver (white) 
Milk of sulphur 
Bin iodide of mercury 
Iodide of lend . 
Sulphide of mrreury 
BpOfaJJ platinum 
Washed sulphur (flowers) 
Sulphide of zinc 
Amorphous phosphorus . 
Chloride of load 
Chloride of cadmium 
Fluor-spnr . . . 



] '.e I oxide of lend . 
Sulphide of cadmium 
Sulphite of lime . 
CMoride of silver (black) 
Carlwonte of xinc 
Oxide of cobalt 
Iodide of eopper 
Red oxide of iron 
Sulphide of iron 
Black oxide of iron 



The agreement as regards relative radiative power between 
this and the former table is as good as could under the circum- 
stances be expected. The experiments have been several times 
repeated ; and the table contains the means of the results, which 
were never widely different from each other. 



Qualitative Experiment*.— Radiation of varvtfu Bodies through 
Rock-salt.— Unequal Diathermancy of the Subsf-anee. 

The quantity of radiant heat emitted by bodies in all states 
Of aggregation having been thus conclusively shown to depend 
Uiainly upon their molecular character, the question as to the 
Quality of the heat emitted next arises. In examining this 
point, I contented myself with testing the heat radiated from 
Various substances by its transmission through rock-Bait. The 
choice of this substance involved the solution of the still dis- 
puted question whether rock-salt is equally pervious to all kinds 
of rays." For if it absorbed the radiation from two different 
•bodies in different degrees, it would not only show a difference 
of quality in the radiations, but also demonstrate the incapacity 
*af rock-salt to transmit equally rays of all descriptions. 

• The Imt publication on this subject is from the pen of thst extremely able expe- 
*Hm«iter Professor Knoblauch. After discussing [he results of De Is Provoetaye and 
Xrmins. and of Mr. Balfour Stewart, he arrives at a different eond us ioa— namely, 
that pure ruck-salt is equally pervious to all kinds of heat— Poggsndorff's Aimalca, 
1883. vol. cxi. p. 177. 
21 
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The plate of salt chosen for this purpose was a very perfect 
one. 1 have never seen one more pellucid. The thickness was 
0*8 of an inch, and its size, compared with the aperture in front 
of which it was placed, was such as to prevent anj part of the 
rays reflected from its lateral boundaries from mingling with 
the direct radiation. M. Knoblauch has clearly shown how the 
absence of caution in this particular may lead to error. The 
mode of experiment was that usually followed : the source of 
heat was first permitted to radiate against the pile, the de- 
flection produced by the total radiation being noted. The plate 
of rock-salt was then interposed ; the deflection sank, and from 
its new value the transmission through the rock-salt was calcu- 
lated and expressed in hundredths of the total radiation. 



Table III. — Transmission through Bock-salt of Heat radiated ty 
the following Substances heated to 100° C. 









Trantmtflrion In 


Total 


Substance JOOtLaot trm 


Bmlj«rtrf 


Total Radiation 




Rock-salt 67*2 


35*3 


Bin iodide of mercury 








, 76-3* 


39-7 


Milk of sulphur . 








769* 


40*6 


Common salt • 








. 70S 


41*3 


Yellow iodide of mercury , 








, 79» 


46-6 


Sulphide of mercury . 








. 731 


46-6 


Iodide of lead . . , 








73-8 


47*3 


Chloride of lead 








731 


55 4 


Chloride of cadmium 








732 


66-5 


Chloride of barium . 








. 70*7* 


58-2 


Chloride of silver (dark) 








. 74*2 


586 


Fluor-spar 








, 70-5* 


68-4 


Tersulphide of antimony , 








► 771 


69-4 


Carbonate of lime • 








. 776 


70-2 


Oxy sulphide of antimony 








. 776 


70-5 


Sulphide of molybdenum , 








, 78-4 


71*3 


Sulphate of baryta . 








71*3 


78-4 


Chromate of lead 








, 71*6 


79-2 


Red oxide of lead . . 








. 741 


79-2 


Subchloride of copper , 








. 76-3 


786 


Oxide of cobalt 








. 76-5 


797 


Red oxide of iron . , 








. 78-4 


81 


Sulphide of copper . , 








. 79 


82-3 


Black oxide of iron . 








. 81-3 


82-7 


Sulphide of iron . , 








. 81-7 


83*3 


Lampblack 








. 84 


83*3 



Here we have a transmission varying from 67 per cent, in the 
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of powdered rock-salt to 84> per cent, in the case oflamp- 
Uack. The second column of figures will be referred to imme- 
diately. 

The powders here employed were fixed by the sulphur cement. 
The same powders held by electricity, and permitted to radiate 
through the rock-:.alt, gave the following transmissions : — 







Table IV. 


Subttance 


Tr* 


•iiHfa 


BuhRiutts Tr 


Bnck-HAlt 




B3-8 


Carbonate of xioo . 


DHorideof silver (white) 


6D-7 


Sulphate of baryta . 


Fluor ■•par 




70-7 


Common euear 


Sulphide of mercury 




71 


Sulphide uf copper - 


Snlphide of ealciuia 




7**5 


Iodide of copper 


Milk of sulphur . 




72-S 


Ked oxide of iron . 


Sulphide of cadmium 




73-3 


Chloride of lilTW (blaelc) 


Biniodide of mercury 




73-7 


Amorphous phosphorus . 


Washed nulphur 




74. 


Otidt of cobalt 


Iodide of lead 




711 


Sulphide of iron 


Sulphate of lime . 




74-2 


Black oxide of iron , 


Sulphide of zinc 




74-4 


Black platinum 



The transmissions here are lower than when the sulphur 
cement was employed. I do not, however, think that the dif- 
ferences are due to the employment of the cement, but to a. 
alight source of disturbance, which was removed iu the later 
experiments. 

It will be remarked that, as a general rule, powerful radiators 
have their heat more copiously transmitted by the rock-salt 
thai) feeble ones. To render this clear, in Table III., ap- 
pended to the transmission, is the corresponding total radiation. 
The only striking exceptions to the rule are marked with 
asterisks. This result, I think, is what might fairly bo ex- 
pected ; for the peculiarity which enables one molecule to radiate 
more heat than another, may also be expected to introduce dis- 
sonance between their rates of oscillation. The probability is 
therefore that greater dissonance will exist between the vibrating 
periods of good radiators and bad radiators than between the 
periods of the members of either class. But the greater the 
dissonance the less will be the absorption; hence, as regards 
transmission through rock-salt, we have reason to expect that 
powerful radiators will find a more open door to their emission 
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illustration, I here introduce a few of the absorptions deter- 
ned in this way : — 

Tablb V.— Radiation through Rock-ialt. 

ufht»t Absorption pn- 100 



Black pint 
Black oxide of ii 
Bed oiide of iroi 

Chloride of iQrt 
Bwstmlt . 



bHo« 



Fig. 30. 



These differences are so great as to enable every experimenter 
) satisfy himself with the utmost ease as to the unequal 
permeability of rock-salt; and this facility of demonstration 
"ill, I trust, contribute to make inquirers unanimous on this 
important point. 



iadiation of Powders. — Reciprocity of Radiation and Absorption, 

Theory alone would lead us to the conclusion that the absorp- 

ive power of the substances mentioned in Table I. is proportional 

to their radiative power ; nevertheless a few actual experiments 

ii absorption will serve as a check upon those recorded in the 

able. These were conducted in the 

allowing manner :— A B (fig. 30) is 

■ sheet of common block tin, H 

•M high and 4 wide, fixed upon a 

writable stand. At the back of A B 

" soldered one end of the small bar . 

ofbisinnth b, the remainder of the 

", to its free end, being kept out 

f contact with the tin by a bit 

rf cardboard. To the free end of ' 

i» soldered a wire which can be 

tonected with a galvanometer. 

' B' is a second plate of tin fur- 

! b«l also with its bismuth bar, and 

every respect similar to A B. From one plate to the other 

be wire W. C is a cube containing boiling water, 

& midway between the two plates of metal. 




^ 
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The tin plates were in the first instance coated uniformly with 
lampblack, and the two surfaces of the cube which radiated 
against the plates were similarly coated. The rays from G being 
emitted equally right and left, and absorbed equally by the two 
coated plates A B and A? B', warmed these plates to the same de- 
gree. It is manifest from the arrangement that, if the thermo- 
electric junctions were equally sensitive, the current generated 
at the one ought exactly to neutralize the current from the 
other. This was found to be very nearly the case. It is dif- 
ficult to make both junctions of absolutely the same sensitive- 
ness ; but the moving of the feebler plate a hair's breadth nearer 
to the cube C enabled it to neutralize exactly the radiation from 
its opposite neighbour. My object now was to compare the 
lampblack coating of the plate A B with a series of other 
coatings, placed in succession on the other plate. These latter 
coatings were the powders already employed, and they were 
held upon A! I¥ by their own adhesion. 

When A B was coated with lampblack and A' B / with rock- 
salt powder, the equilibrium observed when both the plates were 
coated with lampblack did not exist. The lampblack, by its 
greater absorption, heated its bismuth junction most, and a 
permanent deflection of 59° in favour of the lampblack was 
obtained. Other powders were then substituted for the rock-salt, 
and the difference between them and the lampblack, was deter- 
mined in the same way. When, for example, sulphide of iron 
was employed, there was a deflection of 80° in favour of lamp- 
black. The results obtained with six different powders thus 
compared with lampblack are given in the following table :— 

Table YI. 



o 



Excess of lampblack above rock-salt . . . 59 « 112 units. 

„ „ fluor-spar . . .46 — 68 „ 

„ „ red lend . . . 40 = 45 „ 

„ „ oxide of cobalt . . 87 = 42 „ 

„ „ sulphide of iron . 30 « 30 „ 

The order of absorption here coincides with the order of 
radiation of the same substances shown in Table III. 

But we can go further than the mere order of absorption. 
Bemoving the opposing plate, connecting the wire W direct 
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with the galvanometer, and allowing the standard lampblack to 
exert its full action, the deflection observed was 

65° -163 units. 

The numberf in Table VI. show ns the excess of the lampblack 
over the substances there employed, — its excess in the case 
of rock-salt, a bad absorber, is 112, its excess in the case of 
sulphide of iron being only 80. Deducting, therefore, the 
numbers given in Table VI. from 163, the total absorption of 
lampblack, we obtain a series of numbers which expresses the 
absorption of the other substances. This series stands as 
follows : — 

Table VH. 

Substance Relative Absorption* Radiation from 

/ ^ s Table U. 



Bock-salt . 
Fluor-spar 
Red lead . 
Oxide of cobalt 
Sulphide of iron 



61 25-5 25 

95 47'5 49 

118 59 57 

121 • 60*5 63 

133 66-5 66 



The first column of figures expresses the relative absorptions ; 
for the sake of comparison with the corresponding radiations, I 
have placed the halves of these numbers in the second column 
of figures, and in the third column the radiations obtained from 
Table II. The approximation of the figures in the second and 
third columns is close enough to establish the accurate pro- 
portionality of radiation and absorption. 

Throughout some of these investigations I have been effi- 
ciently assisted by Mr. Robert Chapman, and throughout others, 
with great skill and assiduity, by Mr. W. F. Barrett. 



X. 

THE ACTION OF RATS OF HIGH REFRANGIBILITY 

UPON GASEOUS MATTER. 



ANALYSIS OF MEMOIR X. 

In the researches thus far placed before the reader rays of low refrangibilitr 
were invoked as the explorers of molecular condition. The present memoir 
deals with the interaction of rays of high refrangibility and gaseous matter. 

Theoretic considerations regarding atoms and molecules, and their relation 
to the waves of aether, proface the memoir, and the special origin of the inquiry 
is indicated. The obstacles to be overcome are referred to, one of these being 
the floating matter of the air. 

This was found competent to pass through tubes containing caustic potash 
and sulphuric acid, thus showing the insecurity of experiments based on the 
assumption that these substances destroy the floating matter of the air. 

The vapours of various substances inclosed in a glass experimental tube are 
subjected to the action of a concentrated beam of light. The vapours are 
decomposed ; non- volatile products are formed which are precipitated as actinic 
clouds in the experimental tube. 

The nitrite of amyl, the iodide of allyl, and the iodide of isopropyl are 
adduced as examples of this new action of light upon vapours. 

In Memoir VI. it was shown that the order of absorption in vapours and 
their liquids is the Fame. So constant was this relation that in the various 
singular shifting of diathermic position, revealed in the memoir referred to, 
the vapours followed with undeviuting precision the fluctuations of their 
liquids. 

In^the present memoir a similar relation is shown to hold good with rays of 
high refrangibility. The chemical penetrability of nitrite of amyl, both in the 
liquid and vaporous condition, is contrasted with that of the iodide of allyl. 
A layer one-eighth of an inch thick of the liquid nitrite suffices to remove the 
rays which act upon the nitrite vapour ; while a foot or so of the nitrate vapour 
almost accomplishes the same thing. On the other hand, a whole inch of the 
liquid iodide of allyl is found incompetent to stop the rays which act upon the 
iodide, and six or seven feet of the iodide vapour are also found incompetent 
to accomplish this. 

The influence of a second body on the decomposition of vapours by light is 
illustrated ; and it is compared with the influence of chlorophyl on the decom- 
position of carbonic acid by the rays of the sun. 

The character of the actinic clouds produced, when the quantities of vapour 
acted on are very small, is described and illustrated. In all cases the cloud 
commences with a beautiful azure, which discharges perfectly polarized light 
at right angles to the direction of the beam. 

The identity of deportment of this azure with the blue of the firmament 
justifies the conclusion that the physical origins of both are identical : that in 
the experimental tube we have, to all intents and purposes, an artificial *fy 
Section contains a condensed description of this portion of the inquiry; and 
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ACTION OF RAYS OF HIGH REFRANGIBILITT 
UPON GASEOUS MATTER* 



Introduction. 

last ten years I have had the honour of Bub- 

■ the Royal Society a series of investigations the 

11 of which was to render the less refrangible rays 

-um interpreters and expositors of the molecular 

f matter. 

j beautiful researches of Melloni and Knoblauch, 

uiriea made radiant heat a means to an end. My 

: fixed on it in relation to the matter through 

jsed. Placing before my mind such images of 

ttd their constituents as modern science justifies or 

table, such images of the luminiferous aether and its 

s the undulatory theory enables us to form, I endea- 

ishion and execute experiments founded upon these 

a which should give us a surer hold upon molecular 



nite physical ideas have accompanied and guided 
rse of these researches. That matter is constituted 
1 molecules has been accepted as a verity through- 
ihenomena under examination rendered it impossible 
halt at the law of multiple proportions, which so 
iatB of the present day appear inclined to mate their 
1 bourne. In following up a train of tether waves, 
I their source, I could not place at that source a mnl- 
rtion ; for the waves could not be connected physi- 
iuch a multiple. I was forced to put there a bit of 
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matter — in other words, a molecule — bearing the same relation 
to the eether as a vibrating string does to the air, which accepts 
its motion and transmits them as waves of sound. 

One result among many others which these researches estab- 
lished will probably play an important part in the chemistry of 
the future. I refer to the proved change of relation between 
the luminiferous eether and ordinary matter which accompanies 
the act of chemical combination. Here, without any alteration 
in the quantity, or in the ultimate quality of the medium 
traversed by the eethereal waves, vast changes occur in the 
amount of wave-motion intercepted. Let pure nitrogen and 
ordinary oxygen be mixed mechanically together in the pro- 
portion by weight of 14 : 8. Badiant heat, it is now known, 
will pass through the mixture as through a vacuum. No doubt 
a certain amount of heat is intercepted; but it is so small 
an amount as to be practically insensible. At all events it is 
multiplied by hundreds, if not by thousands, the moment the 
oxygen and nitrogen combine to form nitrous oxide. Or let 
nitrogen and hydrogen be mixed mechanically together in the 
proportion of 14 : 3 ; the amount of radiant heat which they 
then absorb is augmented more than a thousandfold* the 
moment they build themselves together into the molecules of 
ammonia. Neither the quantity nor the ultimate quality of the 
matter is here changed ; the act of chemical union is the sole 
cause of the enormous alteration in the amount of heat inter- 
cepted. The converse of these statements is of course also 
true ; dissolve the chemical bond, either of the nitrous oxide or 
of the ammonia, and you instantly destroy the absorption. As 
a proof that our atmosphere is a mixture, and not a compound, 
no experiment with which I am acquainted matches in point of 
conclusiveness that which demonstrates the deportment of dry 
air to radiant heat. 

But the molecules which can thus intercept the waves of 
sether must be shaken by those waves, possibly shaken asunder. 
That ordinary thermometric heat provokes chemical actions is 
one of the commonest facts of observation. These actions, con- 
sidered from a physical point of view, are changes of molecular 
position and arrangement consequent on the acceptance of 

* It may be a millionfold ; for we do not jet know how small the absorption of the 
absolutely pure mixture really is. 
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without becoming aware of all the circumstances referred to by 
Professor Magnus, But the truth is that I was well acquainted 
ith the peculiarities of rock-salt many years before thia iuvesti- 
itiou commenced.* A slight consideration of the conditions 
f the case will, I think, show how improbable it is that a 
• II, such as that surmised, could take place in my 
xperiments. First, then, the common air of the laboratory, 
wording to Professor Magnus, does not produce the effect which 
a considers may be active in my case ; this, as already rioted, 
i the air employed in all kinds of weather, dry as well aa 
moist. Secondly, this air is introduced into a tube through 
hich is passing a flux of heat from the radiating source. 
"hirdly, the air on entering the tube is heated by the steppage 
f its own motion, and thereby rendered more capable of main- 
lining its vapour in a transparent state. The exterior surface 
my terminal plate of salt was, moreover, always open to 
ispi.-ctiun, and it was never found wet ; much less could the 
mer surface be wetted when the laboratory air was used, 
because the temperature within the tube was higher than that 
without. 

But I have not relied on the inspection of the outer surface 
! of the rock-salt plates. The apparatus has been taken 
asunder more than fifty times, on occasions when I had most 
n to expect precipitation, but no trace of moisture has been 
1 on my plates. 

This, however, did not entirely satisfy me, and I therefore 

made an arrangement of the following kind : — An india-rubber 

I was filled with air and subjected to gentle pressure. By 

suitable arrangement of cocks and T-pieees, this air could be 

i>rced either through a succession of tubes containing fragments 

f marble moistened with caustic potash and fragments of glass 

LoitsU-nti-d with sulphuric acid; or through a similar series in 

hich fragments of glass were moistened with distilled water. 

current of either dry air or damp air could be thus obtained 

pleasure ; and my object then was to introduce either the dry 

r or the wet air, under' precisely the same conditions, into an 

• Tho action of Built OH) upon rock-snll wus unhappily mi'de strikingly rridmt ir, 
; Lbruugh a chink in the roof of t lie lubonilory gome inter 
li vliicb Jtmiorcil two of my plaits, and left urn mure or tea a cripple ive* 
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open tube. To effect this, matters were so arranged that either 
current could be discharged into the same narrow glass tube. 
This glass tube was left in undisturbed connexion with one end 
of my experimental tubfe, while the other end was connected with 
the air-pump. The plates of salt were entirely abandoned,^ 
experimental tube was separated from the 'front chamber' 
described in my memoir, and a distance of a foot intervened 
between the radiating surface and the adjacent open end of 
the tube. In front of the other open end of the experimental 
tube was my thermo-electric pile, the c compensating cube' being 
applied in the usual way. By pressing the bag and gently 
working the pump, dry air could, to a great extent, be dis- 
placed by moist, and moist air by dry. And in this way, without 
any plates of rock-salt whatever, all the results obtained with 
them were verified. Similar experiments have been executed 
in the case of all other vapours examined : with them, as well 
as with aqueous vapour, my plates of rock-salt are perfectly to 
be relied on. 

Whence, then, the difference between Professor Magnus and 
myself? I am quite persuaded that no greater care could be 
bestowed upon scientific work than Professor Magnus bestows 
upon his ; and it is the perfectly accurate nature of his experi- 
ments which renders the explanation of the differences between 
us an easy task. 

Let me, however, first ask attention to what may be called a 
case of internal evidence. The mere inspection of the drawing 
of my apparatus {Frontispiece) will show that there was a good 
deal of thought and labour expended in its construction. To one 
part of it especially I would direct attention. In front of the 
experimental tube is a chamber which is always kept exhausted, 
the radiant heat thus passing through a vacuum into the expe- 
rimental tube. To obtain that chamber gave me great trouble: 
it was necessary to unite its anterior wall with silver solder to 
its sides ; and this, moreover, had to be done for every special 
source of heat employed. The chamber had also to pass through 
a copper vessel, being soldered water-tight at its place of en- 
trance and of exit. This vessel had to be connected by a tube 
20 feet long with the water-pipes of the Institution, so as to 
get a supply ; and to carry off the water, I had the stone floor 
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the laboratory perforated, and one of our drains connected 
a. second tube with the'vessel. 

s already known, the water-vessel was intended to prevent 
| beat of the source from reaching the first plate of rock-salt, 
u introduce this plate air-tight between the front chamber and 
ie experimental tube was also a difficult matter, which required 
. means to meet it. Now, let me ask, what could have 
duced me to go to all this trouble'? The obtaining of suitable 
I of rock-salt has been one of my greatest difficulties ; 
ly then did I expend time in seeking for a pair of them? 
hy did I not content myself with a single plate to Btop the 
mote end of my tube, and allow the latter to form a continuous 
lole from the radiating surface to the remote end? Kay, 
y did I not abajwton both plates, mid simply cement my pile atr- 
ht into the remote end of my tube 9 All these devices passed 
■oogh my mind, and formed subjects of experiment at an early 
B of this inquiry. These experiments taught me that hy 
inging the gases into direct contact with my source of heat, or 
9 direct contact with the face of my pile, I entirely vitiated 
■ results. And this arrangement, which in my case would 
kve been perfectly fatal as far as accuracy is concerned, is that 
lioh Professor Magnus has adopted, and is, I believe, the sole 
B of the differences which have shown themselves between 
i results and mine. 
His chief apparatus may be thus described : — A glass vessel 
i like a receiver with its ground-edge on the plate of an air- 
mp. To the top of this receiver a second glass vessel is fused, 
d partially filled with water. Into this water steam is con- 
acted, which causes the water to boil, a temperature of 100° C, 
oa imparted to the bottom of the vessel, which is at the 
me time the top of the receiver. On the plate of the air- 
) a thermo-electric plate is fixed with its face turned 
>wards, bo as to receive the radiation from the heated top of 
.it. The face of the pile can be screened off at plea- 
se from the radiation from above. From the pile, wires pro- 
id through the plate of the air-pump to the galvanometer. 
■ r is first exhausted and the screen removed ; the 
ueqnent deflection gives the amount of heat radiated against 
> pile through a vacuum. Air, or some other gas, is then 
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admitted, and the reduction of the deflection is regarded as doe 
to the absorption of the gas. 

Air at the common laboratory temperature is here admitted 
into direct contact with the radiating source of heat possessing a 
temperature of 100° C. ; chilling of that source is the immediate* 
consequence. And no matter how long the gas may remain 
there, the hot surface can never attain its pristine temperature. 
Professor Magnus, it will be observed, experiments in the 
ordinary way, making use of one face only of his pile. I entirely 
failed to obtain any absorption by air Or any of the elementary 
gases by this mode of experiment, while he obtains for oxygen 
and air an absorption of 11 per cent., and for hydrogen an ab- 
sorption of 14 per cent. My apparatus enables me to measure 
an absorption of 0*1 per cent. ; and surely with it an action so 
gross as the above could never have escaped me. Nor could it 
have escaped Melloni, who operated upon a column of air fifteen 
times the length of that used by Professor Magnus, and still 
found no absorption. With a column of air more than double 
the length of his I obtain for oxygen, only xru^ 1 °f ^ e ^ 
sorption ascribed to it by Professor Magnus, and only -j\q^ of 
what he finds for hydrogen. 

The greater action of hydrogen is quite in accordance with 
the known chilling-power of that gas. While ascribing their 
results to a different cause, some experiments of my own, which 
are briefly described in the paper recently presented to the Eoyal 
Society, completely corroborate those of Professor Magnus. In 
these experiments the gases were allowed to come into direct con- 
tact with the radiating source of heat, and here the action of 
hydrogen bore to that of oxygen the precise ratio found by 
Professor Magnus. The tube used in these experiments was 
8 inches long ; and had I been tempted to ascribe the results to 
absorption, a tube of 8 inches would have yielded fifty times 
the effect observed in a tube of 33 inches, in which the gases 
were withdrawn from contact with the source of heat. 

The negative results of Professor Magnus, as regards aqueons 
vapour, are now sufficiently intelligible. The action which he 
observed in the case of air being due to direct chilling by con- 
tact — a process in which the mass of the chilling agent is the 
most important consideration — the action of the minute quan- 
tity of aqueous vapour present in the air becomes a vanishing 
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rork compelled me to aim at obtaining experimental tubes 
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enabled me to solve the paradoxical problem of determining flu 

radiation and absorption of a, gas or vapour without any source 
of beat external to the gaseous body itself. The pile of Pro- 
feasor Magnus was exposed to a similar action to that hire deteribct, 
though he never, to my knowledge, refers to it* It would be quite 
impossible for me to carry out my experiments with an instru- 
ment thus circumstanced; for after the pile had been either 
heated or chilled dynamically, it required in some cases hoars 
for the needle to return to zero. I may add that these experi- 
ments on dynamic heating and chilling have been made with 
my needles loaded with pieces of paper, so as to render their 
motion visible to the most distant member* of the large" 
audience of the Royal Institution. 

In addition to the experiments made with the apparatus above 
described, Professor Magnus has made two other Beries with 
a glass tube one metre in length, stopped at its ends by plates 
of glass. His source of heat in this case was a powerful Argand 
lamp, the rays of which were collected by a parabolic mirror 
placed behind it. In one series the tube was covered within by 
a coating of blackened paper, while in theotber this coating was 
removed, the radiation through the tube being augmented by the 
reflexion from its sides. With the blackened tube, Professor 
Magnus corroborates the results already obtained for air by Dr. 
Franz, who makes the absorption of a column of nearly the 
same length as that employed by Professor Magnus 3 per 
of the incident heat. 

The difference between this result and that obtained with 
other apparatus, which gave an absorption of 11 per 
might naturally be ascribed to the different kinds of heat 
ployed in the two cases, were it not that in the series of e: 
ments made with his unblackened. tube, he finds the absorption 
of oxygen and of air to be 14.'75 per cent. ; and of hydrogen to 
be 16*28 per cent, of the incident heat. This great difference 
between the blackened and unblackened tube, Professor Mag- 
nus ascribes to a change of quality which the heat has undergone 
by reflexion at the interior Burface of the tube, and which has 
rendered the heat more capable of absorption. I have tried to 
obtain this result with a glass tube of nearly the same length 

• Ses iilso Profeswr Witd'a E-tperimenW, p. 8: 
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s that used by Professor Magnus, but have failed to do so. 

'he absorption of oxygen and air in his tube is 140 Hnut, and Hie 
absorption of hydrogen is 160 timet what they show themselves to 
<e in mine. 

Whence these differences ? They are plainly to be referred 
to a source similar to that which caused the former ones. 
Indeed, I do not know a more instructive example of a single 
defect running through a long series of conscientious experi- 
ments, and so completely accounting for the observed anomalies. 
Professor Magnus stops his tube with plates of glass 4 milli- 
metres in thickness. Now Melloni has show that 61 per cent. 
of the rays of a Locatelli lamp are absorbed by a plate of glass 
2'6 millimetres in thickness. It is therefore almost certain that 
70 per cent, of the entire heat emitted by the lamp of Professor 
Magnus were lodged in his first glass plate. A much less 
quantity of the direct heat would be absorbed by his second 
plate ; but here the amount absorbed would be most effective 

( a secondary source of heat, on account of the proximity of 
this plate to the thermo-electric pile. 

With the blackened tube, then, we had three sources of heat 
acting directly or indirectly upon the pile : the lamp, the first 
plate of glass, and the second plate. In reality, however, the 
sources of heat reduce themselves to two. For, glass being 
opaque to the radiation from glass, the heat emitted by the first 
plate was expended in exalting the temperature of the second, 
close to which the pile was placed. On admitting air at the 
ordinary temperature into this tube, an effect similar in kind to 
that which takes place in the other instrument must oecur : the 
heated glass plates are chilled, and they are chilled more by 
the hydrogen than by the air, thus giving us the exact results 
recorded by Professor Magnus. 

The same considerations applied to the unblackened tube 
explain perfectly the singular result obtained with it. On 
theoretic grounds it is extremely difficult, if not impossible, to' 
conceive of such a change of quality in the heat as that above 
referred to. But there appears to be no reason to call in its 
aid. Professor Magnus himself finds that the quantity of heat 
transmitted through his unblackened tube is 26 times that 
which passes through his blackened one where the oblique 
radiation iB cut off. In the case therefore of the naked tube, 
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the flax of heat sent down by the heated glass plate adjacent to 
the lamp, to its fellow tit the other end, and likewise the heat 
sent directly from the lamp to the same plate, are greatty 
superior to what they are in the case of the blackened tobe. 
The plate adjacent to the pile becomes therefore more higlilj 
; and as its chilling is approximately propor donate to 
the difference of temperature between it and the cold air, the 
withdrawal of heat will be greatest when the tube is on- 
blackened within. While leaving myself open to correction. 
I would offer this as the explanation of the extraordinary result 
which Professor Magnus has obtained. It is, I submit, not a 
case of absorption, but of direct chilling by the cold air. 
It is hardly necessary to say that similar remarks to t 
h reference to the blackeued tube of . 
Magnus apply to the experiments of Dr. Franz. X 
never touched the absorption by air at all ; his effect* i 
entirely due to chilling by contact. This accounts for 
finding the same effect in a tube 45 centimetres long as i 
tube of 90 centimetres, for his ranking carbonic acid as lo» 
air, while it is 90 times more powerful, and for making I 
mine-vapour a greater absorbent than nitrous acid, \ 
the absorption by the compound gas is vastly in excess, 
heat rendered latent by the evaporation of his bromine, aug- 
mented the effect, which in reality he was measuring. In fmt. 
all the differences between the German philosophers and myself 
appear to be Btrictly accounted for by reference to a source of 
error which the application of plates of rock-salt t 
from the outset to avoid. 



RADIATION THROUGH THE EARTH'S ATMOSPHERE." 

OBODT ever obtained the idea of a line from Euclid's definition. The idea is • 
itAined from a real physical line drawn bj a pen or pencil, and therefore 
■■easing width, the notion of width being afterwards dropped by a process of 
■traction. So also with regard to physical phenomena : we conceive the in- 
aible by means of proper images, derived from the visible, and purify our 
nceptions afterwards, Deliniteness of conception, even though at some 
[pease to delicacy, is of the greatest utility in dealing with physical phenomena. 
tdeed it may be questioned whether a mind trained in physical research can 
; all enjoy peace without having made clear to itself some possible way of 
uging those operations which lie beyond the boundaries of sense, and in 
bicb sensible phenomena originate. 

It is well known that our atmosphere is mainly composed of the two elements 
id nitrogen. These elementary atoms may be figured as small sphere* 
thickly in the space which immediately surrounds the earth, They 
itute about !*!ij per cent, of the atmosphere. Mixed with these atoms we 
nre others of a totally different character ; we have the molecules, or atomic 
roups, of carbonic acid, of ammonia, and of aqueous vapour. In these snb- 
onces diverse atoms have coalesced to form little systems of atoms. The 
olecules of aqueous vapour, for example, consist each of twoatomsof hydrogeu 
lited to one of oxygen ; and they mingle as little triads among the mouads of 
vgen and nitrogen, which constitute the great mass of the atmosphere. 
A medium embraces our atoms; within our atmosphere exists a second and 
liner atmosphere, in which the atoms of oxygen and nitrogen hang like 
upended grains. This finer atmosphere unites not only atom with atom, but 
tar with star; and the light of all suns, and of all stars, is in reality a kind of 
tnotii m propagated through this interstellar medium. This image must be clearly 
1, and then we have to advance a step. We must not only figure our 
ktotns suspended in this medium, but we must Ggure them vibrating in it. In 
of the atoms consists what we call their heat ' What is heat in 
■i,' as Ijocke has perfectly expressed it, ' is in tbe body heated nothing but 
a must figure this motion communicated to the medium in which 
the atoms swing, and sent through it with inconceivable velocity. Motion in 
this form, unconnected with ordinary matter, but speeding through the inter- 
stellar medium, receives the name of Radiant Heat ; and if competent to excite 
isi nerves of vision, we call it Light. 
Aqueous vapour is an invisible gas. If vapour be permitted to issue horixon- 
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tallv with considerable force from a tube connected with a small boiler, the 
track of the cloud produced by the precipitation of the Taponr ia seen. Whit is 
seen, however, is not vapour, but vapour condensed to water. Beyond the 
visible end of the jet the cloud resolves itself again into true vapour. A lamp 
placed under the jet cuts the cloud sharply off, and when the flame is placed 
near the efflux orifice the cloud entirely disappears. The heat of the lamp 
completely prevents precipitation. This same vapour may be condensed and 
congealed on the surface of a vessel containing a freezing mixture, from which 
it may be scraped in quantities sufficient to form a small snowball. When a 
luminous beam is sent through a large receiver placed on an air-pump, a single 
stroke of the pump causes the precipitation of the aqueous vapour to a cloud 
within. This, illuminated by the beam, produces upon a screen behind a richly- 
coloured halo, due to diffraction by the little cloud. 

The waves of heat pass from our earth through our atmosphere towards space. 
These waves meet in their passage the atoms of oxygen and nitrogen, and the 
molecules of aqueous vapour. Thinly scattered as these latter are, we might 
naturally think meanly of them as barriers to the waves of heat. We might 
imagine that the wide spaces between the vapour molecules would be an open 
door for the passage of the undulations ; and that if those waives were at all 
intercepted, it would be by the substances which form 99£ per cent of the 
whole atmosphere. It had, however, been found that this small modicum of 
aqueous vapour intercepts fifteen times the quantity of heat stopped by the 
whole of the air in which it was diffused. It was afterwards found that the 
dry air then experimented with was not perfectly pure, and that the purer the 
air became the more it approached the character of a vacuum, and the greater, 
by comparison, became the action of the aqueous vapour. The vapour was 
found to act with 30, 40, 50, 60, 70 times the energy of the air in which it was 
ditl'usi'd ; and no doubt was entertained that the aqueous vapour of the air which 
filled the Royal Institution theatre, during the delivery of this discourse, quenched 
00 or 100 times the quantity of radiant heat absorbed by the main body of the 
air of the room. 

Looking at the single atoms, for every 200 of oxygen and nitrogen there is 
about 1 molecule of aqueous vapour. This 1, then, is 80 times more powerful than 
tho 200 ; and hence, comparing a single atom of oxygen or nitrogen with a single 
molecule of aqueous vapour, we may infer that the action of the latter is 16,000 
times that of the former. This is a very astonishing result, and it naturally 
excited opposition, based on the philosophic reluctance to accept a fact of such 
import before testing it to the uttermost. From such opposition a discovery, 
if it be worth the name, emerges with its fibre strengthened ; as the human 
character gathers force from the healthy antagonisms of active life. It was 
urged that the result was on the face of it improbable ; that there were, more- 
over, many ways of accounting for it, without ascribing so enormous a compara- 
tive action to aqueous vapour. For example, the cylinder which contained the 
air in which these experiment 5 ' were made, was stopped at its ends by plates 
of rock-salt, on account of their transparency to radiant heat. Now rock-salt is 
hygroscopic ; it attracts the moisture of the atmosphere. Thus, a layer of brine 
readily forms on the surface of a plate of rock-salt ; and it is well known that 
brine is very impervious to the rays of heat Breathing for a moment on a 
polished plate of rock-salt, the brilliant colours of thin plates (soap-bubble 
colours) flash forth, these being caused by the film of moisture which over- 
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preads tlie soli. Such a film, it was contended, is formed when undried air is 
at into the cylinder; it was, therefore, the absorption of a layer of biine that 
as measured, instead of tin- afaeorptiufi of aqueous vapour. 

ii was met in two -ways : — First, by showing that the plates of 
It when subjected to the strictest examination show no trace of a film of 
mildly, by abolishing the plates of salt altogether, and obtaining 
tli<- aunif results in a cylinder open at both emit. 

t surmised that the effect was due to the impurity of the laboratory 
air, and tbo suspended carbon particles were pointed to as the cause of the 
ipucily to radiant heat. This objection was met by bringing air from Hide 
Hampstead Heath, Primrose Hill, Epsom Downs, a field near Newport in 
the Isle of Wight, St. Catharine's Down, and the tea-beach near Black Gang 
Chine. The aqueous vapour of the nir from these localities intercepted at 
least 70 times the amount of radiant heat absorbed by the air in which the 
vapour was diirused. Experiments made with dry smoky air proved that the 
atmosphere of West London, even when an east wind pours over it the smoke 
of the city, exerts only a fraction of the destructive powers exercised by the 
transparent and impalpable aqueous vapour diffused in the air. 

The cylinder which contained the air through which the calorific rays passed 
being polished within, the rays striking- the interior surface were reflected from 
it to the thermo-electric pile. The following objection was raised -.— You per- 
it moist air to enter your cylinder ; a portion of this moisture is condensed as 
liquid film upou the interior surface of your tube ; its reflective power is 
thereby diminished ; less heat therefore reaches the pile, and you incorrectly 
ascribe to the absorption of aqueous rapour an effect which is really due to 
diminished reflexion of the interior surface of your tube, 

But why should the aqueous vapour se condense P The tube within is 
armer than the air without, and against its inner surface the rays of heat are 
impinging. There can be no tendency to condensation under such circumstances." 
Further, let G inches of undried air be sent into the tube — that is, one-sixth 
of the amount which it can contain. These inches produce their propor- 
tionate absorption. The driest day, on the driest portion of the earth's surface, 
■ould make no approach to tin: dryness of our cylinder when it contains only 
inches of air. Make it 10, lo, 20, 1M, 30 inches ; you obtain an absorption 
proportional to the quantity of vapour present. It is next to a physical 
impossibility that this could be the case if the effect were due to condensation. 
But lest • doubt should linger in the mind, not only ware the plates of rock- 
salt abolished, but the cylinder itself was dispensed with. Humid air waa 
displaced by dry, and dry air by humid in the free atmosphere; the absorption 
of the aqueous vapour was here manifest, as in all the other cases. 

No doubt, tberelore, can exist of the extraordinary opacity of this substance 

tn the rays if obscure heat; and particularly such rays as are emitted by the 

earth after it has been warmed by the sun. It is perfectly certain that more 

than 10 per cent, of the terrestrial radiation from the soil of England is stopped 

v, -liliiu In tret of the surface of tbo soil. This one fact is sufficient to show the 

amense influence which this newly-discovered property of aqueous vapour 

,uat exert on the phenomena of meteorology. 

This aqueous vapour is a blanket more necessary to the vegetable life of 

* This "is saying loo much. Prufcpwr Alngnus baa proved the t 
mtomtioa under the conditions named. 
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bat for a'time 
Bnt the higher they rise, the 

]eVitj,theT 
the earth's nzfin, what 

of aqaeoas i^imi m 16J00O tias that of sic Now die power to 
absorb ami the pswer to ladiaae are ptristtli mi p iota l sad p rop ortio oal 
Tae asm of aqoeons t^» wiH therefore cndstfe with 16^000 timet the eoogr 
of an atom of as. Ianagine ih— i tiit pu n u e ii al radian* km ths paea e uto of apace, 
and with bo mil above h to cWck its ledietino. Into space it pout its heat, 
chills itself, rnnrlF— i. sad the tropical torrents are ths ttmeaqnencc. The 
expansion of the air, no donbt, slso ufiigualia it : vat in accounting lor those 
delude*, the i hilling of the rapowr by its own radiation mast play a most im- 
portant pare The rain quits the onsen aa Tapoax : it return to it at water. 
How are the Tart stores of heat est free by the change from the Taporoat to the 
fiqnid condition disposed of? Doobtiessin great part they are nastid byitdia- 
tioo into space. ?5mil*y remarks apply to the cumuli of oar hrtitndet. The 
wanned air. charred with Tapour. rite* in columns, to as to penetrate the 
vapour screen which hug** th-* earth : in the prejeoce of space, the head of each 
pillar wise* fcs heat by radiation, cc-cdenst* to a camalna, which constitutes 
the Tibbie eaaitii of an in risible column of saturated air. 

X-imberiea* other meteorol>pcai pcen-vnena receiTe their eolation, by 
reference to the radiant and absorbent properties of squeou* Tapour. It » 
the abeence of this screen, and the consequent copious waste of heat, that 
causes mountains to be so much chilled when the son it withdrawn. Its ab- 
eence in Central Asia renders the winter there almost unendurable ; in Sahara 
the dryness of the air is sometimes such that, though daring the day ' the soil 
is nxe and the wind is dame/ the chill at night is painful to bear. In 
Australia, also, the thermometric range is enormous, on account of the absence 
of this qualifying agent. A clear day. and a dry day. moreover, are Terr 
different things. The atmosphere may possess great Tisual clearness, while it 
is charged with aqueous Tapour. and on such occasions great chilling cannot 
occur by terrestrial radiation. Sir John Leslie and others have been per- 
plexed by the Tarring indications of their instruments on days equally bright — 
but all these anomalies are completely accounted for by reference to this 
newly-discovered property of transparent aqueous Tapour. Its presence would 
check the earth's loss : its absence, without sensibly altering the transparency 
of the air, would open wide a door for the escape of the earth's heat into 
infinitude. 



XIV. 

ON A NEW SERIES OF CHEMICAL REACTIONS PRODUCED 

BY LIGHT. 

I wish to draw the attention of chemists to a form or method of experiment 
which, though obvious, is unknown, and which, I doubt not, will in their hands 
become a new experimental power. It consists in subjecting the vapours of 
volatile liquids to the action of concentrated sunlight, or to the concentrated 
beam of the electric-light. 

Action of the Electric-light 

A glass tube 2*8 feet long, and of 2*5 inches internal diameter, was supported 
horizontally. At one end of it was placed an electric lamp, the height and 
position of both being so arranged that the axis of the glass tube and that of 
the parallel beam issuing from the lamp were coincident. The tube in the first 
experiments was closed by plates of rock-salt, and subsequently by plates of 
glass. 

As on former occasions, for the sake- of distinction, I will call this tube the 
experimental tube. 

The experimental tube was connected with an air-pump, and also with a 
aeries of drying and other tubes used for the purification of the air. 

A number of test-tubes (perhaps fifty in all) were converted into Woulfe's 
flasks. Each of them was stopped with a cork, through which passed two glass 
tubes: one of these tubes (a) ended immediately below the cork, while the 
other (b) descended to the bottom of the flask, being drawn out at its lower 
end to an orifice about 0*03 of an inch in diameter. It was found necessary 
to coat the cork carefully with cement 

The little flask thus formed was partially filled with the liquid whose vapour 
-was to be examined; it was then introduced into the path of a purified 
current of air. 

The experimental tube being exhausted, and the cock which admitted the 
purified air being cautiously turned on, the air entered the flask through the 
tube 6, and escaped by the small orifice at the lower end of b into the liquid. 
Through this it bubbled, loading itself with vapour, after which the mixed air 
and vapour, passing from the flask by the tube a, entered the experimental* tube, 
where they were subjected to the action of light 

The power of the electric beam to reveal the existence of anything within 
the experimental tube, or the impurities of the tube iteelf, is extraordinary. 
When the experiment is made in a darkened room, a tube which in ordinary 
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daylight appears absolutely clean is often shown bj the jiriiul mod* of «• 

animation to be exceedingly filthy. 

The following are some of the results obtained with thin 

Nitrite of amyl (boiling-point 91° to 96° C.).— The vapour of 
in the first instance permitted to enter the experimental tube while the 
from the electric lamp was passing through it Curious clouds 
to form near the place of entry, which were afterwards whirled through ths 
tube. 

The tube being again exhausted, the mixed air and vapour were allowed to 
enter it in the dark. The slightly convergent beam of the electric-light v* 
then sent through the tube from end to end. For a moment the tube wm« 
optically empty, nothing whatever was seen within it ; but before a second bet 
elapsed a shower of liquid spherules was precipitated on the beam, thus 
generating a cloud within the tube. This cloud became denser as the light 
continued to act, showing at some places a vivid iridescence. 

The beam of the electric lamp was now converged so as to form within the 
tube, between its end and the focus, a cone of rays about eight inches long. 
The tube was cleansed and again filled in darkness. When the light was sect 
through it, the precipitation upon the beam was so rapid and intense that the 
cone, which a moment before was invisible, flashed suddenly forth like a solid 
luminous spear. 

The effect was the same when the air and vapour were allowed to enter the 
tulxj in diffuse daylight The cloud, however, which shone with such extra- 
ordinary radiance under the electric beam, was invisible in the ordinary light of 
the laboratory. 

The quantity of mixed air and vapour within the experimental tube could of 
course bo regulated at pleasure. The rapidity of the action diminished with the 
attenuation of the vapour. When, for example, the mercurial column asso- 
ciated with the experimental tube was depressed only five inches, the action 
was not nearly so rapid as when the tube was full. In such cases, however, it 
was exceedingly interesting to observe, after some seconds of waiting, a thin 
streamer of delicate bluish-white cloud slowly forming along the axis of the 
tube, and finally swelling so as to fill it. 

When dry oxygen was employed to carry in the vapour, the effect was the 
same as that obtained with air. 

When dry hydrogen was used as a vehicle, the effect was also the same. 

The effect, therefore, is not due to any interaction between the vapour of the 
nitrite and its vehicle. 

This was further demonstrated by the deportment of the vapour itself. 
When it was permitted to enter the experimental tube unmixed with air or any 
other gas, the effect was substantially the same. Hence the seat of the observed 
action is the vapour. 

With reference to the air and the glass of the experimental tube, the beam 
employ c4 in these experiments was perfectly cold. It had been sifted by 
passing it through a solution of alum, and through the thick double-convex 
lens of the lamp. When the unsifted beam of the lamp was employed, the 
eflect was still the same ; the obscure calorific rays did not appear to interfere 
with the result, 

I have taken no means to determine strictly the character of the action here 
described, my object being simply to point out to chemists a method of experi- 
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lit which reveals ■ new and beautiful series of reactions : to tbi-m I li We 
1 examination of the products of decomposition. The molecule of th. nitrite 
amyl is shaken asunder by certain specific waves of the elMtrk Irwin, 
ing nitric oxide and other products, of which the nitrate of ninyl is pro- 
ibly one. The brown fumes of nitrous acid were Been to mingle with the 

' within the experimental tube. 
The nitrate of amy], being leas volatile than the nitrite, would not be able to 
in itself in the condition of vapour, but would be precipitated in liquid 
spherules along the track of the beam. 

In the anterior portions of the tube a sifting action of the vapour o 
which diminishes the chemical action in the posterior portions. In 
experiments the precipitated cloud only extended halfway down the tube. 
When, under thi*«j circumstances, the lamp was shifted so as to send the beam 
through the other end of the tube, precipitation occurred there also. 

Action of Sunlight. 

The solar light also effects the decomposition of the nitrite- of- amy! vapour. 
On the 10th of October I partially darkened a small room in the lioyal Institu- 
into which the sun shone, permitting the light to enter through an op n 
ion of the window-shutter. In the track of the beam was placed a large 
plano-convex lens, which formed a line convergent erne in the dust of the 
behind it. The experimental tube was filled in the laboratory, covered 
with a black cloth, and carried into the partially darkened room. On thrusting 
end of the tube into the cone of rays behind the lens, precipitation within 
cone was copious and immediate. The vapour at the distant end of the 
tube was in part shielded by that in front, and was also more feebly acted on 
through the divergence of the raja, On reversing the tube, a second and 
"l»r cone waa precipitated. 

Physical Contiderationt. 

■ought to determine the particular portion of the white beam which pro- 
id the foregoing effect*. When, previous to entering the experimental tube, 
beam was caused to pass through a red glass, the effect was greatly weak' 
I, but not extinguished. Thia was also the case with various samples of 
yellow glass. A blue glass being introduced, before the removal of the yellow 
~td, on taking the latter away augmented precipitation occurred along 
k of the bl ue beam. Hence, in this, case, the mote refrangible rays are 
ft chemically active. 

it of the liquid nitrite of amyl indicates that this most be the case ; 
is a feeble but distinct yellow: in other words, the yellow portion of the been 
most freely transmitted. It is not, however, the transmitted portion of any 
beam which produces chemical action, but the absorbed portion. Blue, as the 
ur to yellow, is here absorbed, and hence the more 
a of the blue rays. This reasoning, however, assumes that the s 
ue absorbed by' the liquid and its vapour. 

A solution of the yellow eliminate of potash, the colour of which may be 
made almost, if not altogether, identical with that of the liquid nitrite of amyl, 
ih found far more effective in stopping the chemical rays than either the red 
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But cf all ecbttaacce the nitrite itself ia most potrnt in 

■on its vapour. A layer one-eighth of is inci 

perceptibly affected the luminous intrcin, 

energy of tbe concentrated beam of it* 

Miniating between & liquid end He vapour, u regards itaii 
oat, has been already amply demonstrated.* Atnpnti 
tbe (itrin «f unl, this ndation is more *p«iiic then in die cues hitherto 
■ifajnid , (or ben tbe •peck] constituent of tbe beam which provoke* tin 
dscoaapcvstioa of tbe vapour i» shown to be arrested by the liquid. 

A gesatia* of * i treat e importance in molecular physic* here arias* :— Witt 
w the Ml ■illniil of this ■(w.irplkm. and where ii its seat f t 

i do, a molecule a* a group of atoms, held together bj 
■, but will capable of motion among themselves. The iipiar 
ef tbe titrite of natyl ia to be regarded aa an a ja om blage of auch jnnlwulfi 
Tbe qaeetieu now before a* ia tbie : — la tbe act of absorption, is it tbe mols- 
lstituent atoms ? It the ess rue «f 
1 to tba molecule aa a whole, or to ill csnto- 



Tbe molecule, aa • whole, e*» only vibrate in virtue of tbe forcea etetui 
t and ita nrik-hbour molecule*. Tbe intensity of these forcea, uri 
e of vibvatiuc, would, in this case, be a function of tb< 
i aanleeulaa. Now tbe identical absorption of the liquid 
and af tbe vap-*w»t nitrite of amyl indicate* an identical vibrating period ■» 
tbe put of bquid and vapour, and this to my mind, amounts to an experimental 
fliiiiirm"'" that tbe abeorption occur* in tba main wkkm the molecule, fat 
it can hardly be auppoend, if tbe absorption were tbe act of tbe molecule aa a, 
iaen to aiect waves of tbe aame period after the n 
o the liquid si 

In pent of fact tbe decomposition of tbe nitrite of amyl is itself ti 
extent an illustration of tbia internal molecular absorption ; for were t 
nhtnynlinai the act of the molecule aa a whole, tbe rtlatire motions of ita con- 
stituent atom* would remain unchanged, and there would be no mechanical 
tamer for their separation. It ia probably tbe synchronism of tbe vihrationa of 
gate portion of tbe molecule with tbe incident waves which enables the a: 
lade of those vibrations to augment until tbe chain which binds the parte of lb 
molecule together ia mapped asunder. 

Tbe Aftnat nitrite of amyl i« probably also decomposed by light ; but tl 
inaction, if it exists, is incomparably less rapid and distinct than that of the 
vapour. Nitrite of amyl ha* been subjected to the concentrated solar ray* 
until it bulled, and it ha* been permitted to continue boiling for a considerable 
time, without any distinctly apparent change occurring in tbe liquid. 

I anticipate wide, if not entire, generality for the fact that a liquid «i 
vapour absorb the aame ray*. A cell of liquid chlorine now preparing for ■ 
will, I imagine, deprive light more effectually of its power of causing cbloi 
and hydrogen to combine than any other filter of tbe luminous ray*. Tbe n 
whirl) trite chlorine it* colour bare nothing to do with this combination, tl 

• rU.fW TVe-seeli..*, 1«M. 
f Mv •tieulbu w« very K*aw * J .lincled to this subject m 
■km with my uorllral friend Professor Llaiuiu*. 
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are absorbed by the chlorine being the really effective rays, A highly 

itive bulb containing chhuine and hydrogen in the enact proportion 

for the formation of hydrochloric acid was placed at one end of an experi- 

tal tubo, the beam of the electric lamp being sent through it from the other, 

bulb did not explode when the tube was filled with chlorine, while the 

explosion was violent and immediate when the tube was tilled with air. I 

iticipale for the liquid chlorine an action similar to but still more energetic 

inn that exhibited by the gas. If this should prove to be the case, it will 

ltoux the view that chlorine itself is molecular and not monatomk. 

Production of the Bine of the Sky by the Decompomtian of Nitrite of Amy!. 

When the quantity of nitrite-of-amyl vapour is considerable, and the light 

ntense, the chemical action is exceedingly rapid, the particles precipitated being 

large as to whiten the luminous beam. Not so, however, when a well-mired 

id highly attenuated vapour fills the experimental tube. The effect now to 

■e described was obtained in the greatest perfection when the vapour of the 

nitrite of amyl was derived from a residue of the moisture of its liquid, which 

had been accidentally introduced into the passage through which the dry ail 

lowed into the experimental lube. 

In this case the electric beam traversed the tube for several seconds before 

n was visible. Decomposition then visibly commenced, and advanced 

iwly. The particles first precipitated were too small to be distinguished by 

eye-glass; and, when the light was very strong, the cloud appeared of a 

"ry blue, When, on the contrary, the intensity was moderate, the blue was 

and deep. In Briicke's important experiments on the blue of the sky and 

morning and evening red, pure mastic is dissolved in alcohol, and then 

well stirred. When the proportion of mastic to alcohol is 

ict, the resin is precipitated bo finely as to elude the highest microscopic 

By reflected light, such a medium appears bluish, by transmitted light 

.lowiah, wliich latter colour, by augmenting the quantity of the precipitate, 

n be caused to pass into orange or red. 

But the development of colour in the attenuated nilrite-of-amyl vapour, 
bough admitting of the same explanation is doubtless more similar to what 
akes place in our atmosphere. The blue, moreover, is purer and more sky-like 
that obtained from Uriicke's turbid medium. There could scarcely be a 
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,'iiH colour of the firmament than that here exhibited ; for n 

akies of the Alps, have I seen a richer or a purer blue than that attainable by a 
itable disposition of the light falling upon the precipitated vapour. Hay not 
i aqueous vapour of our atmosphere act in a similar manner P and may we 
t fairly refer to liquid particles of ijjtiniteaimal size the hues observed by 

Principal Forbes over the safety- valve of a locomotive, and so skilfully con.- 
■cted by him with the colours of the sky P 

In exhausting the tube containing the mixed air and nitrite-of-amyl vapour, 
was difficult to avoid explosions under the pistons of the air-pump, similar to 
ose described as occurring with the vapours of bisulphide of carbon and other 
.balances.' Though the quantity of vapour present in these cases must have 

bacn infinitesimal, its explosion was sufficient to destroy the valves of the pump. 
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Iodide of Allyl (boiling-point 101° C). — Among the liquids hitherto sub- 
jected to the concentrated electric-light, iodide of allyl, in point of rapidity and 
intensity of action, comes next to the nitrite of amyl. With the iodide of 
allyl I have employed both oxygen and hydrogen, as well as air, as a vehicle, and 
found the effect in all cases substantially the same. The cloud column here 
was exquisitely beautiful, but its forms were different from those of the nitrite 
of amyl. The whole column revolved round the axis of the decomposing beam ; 
it was nipped at certain places like an hour-glass, and round the two belle of 
the glass delicate cloud-filaments twisted themselves in spirals. It also folded 
itself into convolutions resembling those of shells. In certain conditions of the 
atmosphere in the Alps I have observed clouds of a special pearly lustre; 
when hydrogen was made the vehicle of the iodide-of-allyl vapour a similar 
lustre was most exquisitely shown. With a suitable disposition of the light, 
the purple hue of iodine vapour came out very strongly in the tube. 

The remark already made as to the bearing of the decomposition of nitrite of 
amyl by light on the question of molecular absorption applies here also; for 
were the absorption the work of the molecule as a whole, the iodine would not 
be dislodged from the allyl with which it is combined. The non-synchronism 
of iodine with the waves of obscure heat is illustrated by its marvellous trans- 
parency to such heat. May not its synchronism with the waves of light in the 
present instance be the cause of its divorce from the allyl f Further experi- 
ments on this point are in preparation. 

Iodide of Isopropyl. — The action of light upon the vapour of this liquid is at 
first more languid than upon iodide of allyl ; indeed many beautiful reactions 
may be overlooked in consequence of this languor at the commencement 
After some minutes' exposure, however, clouds begin to form, which grow in 
density and in beauty as the light continues to act. In every experiment 
hitherto made with this substance the column of cloud which filled the experi- 
mental tube was divided into two distinct parts near the middle of the tube. 
In one experiment a globe of cloud formed at the centre, from which, right and 
left, issued an axis which united the globe with the two adjacent cylinders. 
Both globe and cylinders were animated by a common motion of rotation. A* 
the action continued, paroxysms of motion were manifested j the various parts 
of the cloud would rush through each other with sudden violence. During 
these motions beautiful and grotesque cloud-forms were developed. At some 
places the nebulous mass would become ribbed, so as to resemble the graining 
of wood ; a longitudinal motion would at times generate in it a series of curved 
transverse bands, the retarding influence of the sides of the tube causing an 
appearance resembling, on a small scale, the dirt-bands of the Mer de Glace. 
In the anterior portion of the tube those sudden commotions were most intense; 
here buds of cloud would sprout forth, and grow in a few seconds into perfect 
flower-like forms. 

A gorgeous mauve colour was developed in the last twelve inches of the 
tube ; the vapour of iodine was present, and it may have been tLe sky-blue 
produced by the precipitated particles which, mingling with the purple of the 
iodine, produced this splendid mauve. As in all other cases here adduced, the 
effects were proved to be due to the light ; they never occurred in darkness. 



XV. 

OK THE BLUE COLOUR OF THE SKY, THE POLARIZATION 
OF SKY-LIGHT, AND ON THE POLARIZATION OF LIGHT 
BY CLOUDY MATTER GENERALLY .♦ 

SnroB the communication of my brief abstract ' On a New Series of Chemical 
Reactions produced by Light/ the experiments upon this subject have been 
continued, and the number of the substances thus acted on considerably 
augmented. New relations have also been established between mixed vapours 
when subjected to the action of light. 

I now beg to draw attention to two questions glanced at incidentally in the 
abstract referred to— the blue colour of the sky, and the polarization of sky-light. 
Reserving the historic treatment of the subject for a more fitting occasion, I 
would merely mention now that these questions constitute, in the opinion of 
our most eminent authorities, the two great standing enigmas of meteorology. 
Indeed it was the interest manifested in them by Sir John Herschel, in a letter 
of singular speculative power, that caused me to enter upon the consideration 
of these questions so soon. 

The apparatus with which I work consists, as already stated, of a glass tube, 
about a yard in length, and from 2£ to 3 inches internal diameter. The vapour 
to be examined is introduced into this tube in the manner described in my last 
abstract* and upon it the condensed beam of the electric lamp is permitted to 
act until the neutrality or the activity of the substance has been declared. 

It has hitherto been my aim to render the chemical action of light upon 
vapours visible. For this purpose substances have been chosen, one at leant of 
whose products of decomposition under light shall have a boiling-point so high 
that as soon as the substance is formed it shall be precipitated. By graduating 
the quantity of the vapour, this precipitation may be rendered of any degree of 
fineness, forming particles distinguishable by the naked eye, or particles which 
are probably far beyond the reach of pur highest microscopic powers. 

I have no reason to doubt that particles may be thus obtained whose dia- 
meters constitute but a very small fraction of the length of a wave of violet 
Hght. 

In all cases when the vapours of the liquids employed are sufficiently attenu- 
ated, no matter what the liquid may be, the visible action commences with the 
formation of a bkte cfoud. I would guard myself at the outset against all 
misconception at to the use of *M* * «e cloud here referred to is 

totally invisible in ordinary squires to be surrounded 

hj darkneea, * evfc t oof light This blue 

' 1,1369, 
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cloud differs in many important particulars from the finest ordinary clouds, and 
might justly have assigned to it an intermediate position between these doudi 
and true cloudless vapour. 

With this explanation, the term ' cloud,' or 'incipient cloud/ at I propose to 
employ it, cannot be misunderstood. 

I had been endeavouring to decompose carbonic acid gas by light A feint 
bluish cloud, due it may be, or it may not be, to the residue of some vapour 
previously employed, was formed in the experimental tube. On looking acroa 
this cloud through a Nicol's prism, the line of vision being horizontal, it wm 
found that when the short diagonal of the prism was vertical, the quantity of 
light reaching the eye was greater than when the long diagonal, was vertical 

When a plate of tourmaline was held between the eye and the bluish cloud, 
the quantity of light reaching the eye when the axis of the prism was perpen- 
dicular to the axis of the illuminating beam, was greater than when the txea 
of the crystal and of the beam were parallel to each other. 

This was the result all round the experimental tube. Causing the crystal of 
tourmaline to revolve round the tube, with its axis perpendicular to the illumina- 
ting beam, the quantity of light that reached the eye was in all its positions t 
maximum. When the crystallographic axis was parallel to the axis of the beam, 
the quantity of light transmitted by the crystal was a minimum. 

From the illuminated bluish cloud, therefore, polarized light was discharged, 
the direction of maximum polarization being at right angles to the iUnminatisg 
beam ; the plane of vibration of the polarized light, moreover, waa that to which 
the beam was perpendicular.* 

Thin plates of selenite or of quartz, placed between the Nicol and the bluish 
cloud, displayed the colours of polarized light, these colours being most vivid 
when the line of vision was at right angles to the experimental tube. The 
plate of eelenite usually employed was a circle, thinnest at the centre, and 
augmenting uniformly in thickness from the centre outwards. When placed in 
its proper position between the Nicol and the cloud, it exhibited a system of 
splendidly coloured rings. 

The cloud here referred to was the first operated upon in the manner described. 
It may, however, be greatly improved upon by the choice of proper substance*, 
and by the application in proper quantities of the substances chosen. Benzol, 
bisulphide of carbon, nitrite of amyl, nitrite of butyl, iodide of allyl, iodide of 
igopropyl, and many other substances may be employed. I will take the nitrite 
of butyl as illustrative of the means adopted to secure the best result with 
reference to the present question. 

And here it may be mentioned that a vapour, which when alone, or mixed 
with air in the experimental tube, resists the action of light, or shows but a 
feeble result of this action, may, by placing it in proximity with another gas or 
vapour, be caused to exhibit under light vigorous, if not violent, action. The 
case is similar to that of carbonic acid gas, which diffused in the atmosphere 
resists the decomposing action of solar light, but when placed in contiguity 
with the chlorophyl in the leaves of plants, has its molecules shaken asunder. 

* I assume here that the plane of vibration is perpendicular to the plane of polarization. 
This is still an undecided point ; but the probabilities are so much in its favour, and it is 
in my opinion so much preferable to have a physical image on which the mind can rest, 
that I do not hesitate to employ the phraseology in the text Even should the assumption 
prove to be incorrect, no harm will be done by the provisional use of it. 
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Dry air w.ts permitted to bubble through the liquid nitrite of butyl until the 
experimental tube, which had been previously exhausted, wis filled with the 
mixed air and vapnur. The visible notion of light upon the mixture after 
fifteen minutes' exposure was slight. The tube was afterwarda filled with half 
an atmosphere of the mixed air and vapnir, and another half atmosphere of air 
which had been permitted to bubble through frnsh commercial hydrochloric 
acid. On sending the beam through tliia mixture, the action paused barely 
sufficiently long to ahow that at the moment of commencement the tube was 
optically empty, lint the pause Amounted only to a small fraction of a second, 
• den»e cloud being immediately precipitated upon the beam which traversed 

ThU cloud began blur, but the advance to whiteness was so rnpicl as almost 
to justify the application of the term instantaneous. The dense cloud, looked 
at perpendicularly to its axis, showed scarcely any signs of polarization. Looked 
at obliquely the polarization was strong. 

The experimental lube being again cleansed and exhausted, the mixture of air 
and nitrite-of-butyl vapour wbs permitted to enter it until the associated 
mercury column was depressed T ' g of an inch. la other words, the air and 
vapour, united, exercised a pressure not exceeding jL of an atmosphere. Air 
passed through a solution of hydrochloric acid was then added till the mercury 
column wan dapreaaad thiM inches. The condensed beam of the eld- trie-light 
passed for some time in darkness through tbia mixture. There was absolutely 
nothing within the tube competent to scatter the light. Soon, however, a 
superbly blue cloud was formed along the truck of the beam, and it continued 
blue sufficiently long to permit of its thorough examination. The light dis- 
charged from the cluud at right angles to its own length was perfectly polarized. 
By degrees the cloud became of wbitish-blue, and fur a time the selenite 
colours obtained by looking at it normally were exceedingly brilliunt. The 
direction of maximum polarization was distinctly at right angles to the illumi- 
nating (warn. This continued to be the case as long as the cloud maintained a 
decided blue colour, and even for some time after the pure blue had changed to 
whitish -blue- Hut as the light continued to act the cloud became coarser and 
whiter, particularly at its centre, where it lit length ceased to discharge polarized 
light in the direction of the perpendicular, while it continued to do so at both 
it* en.ls. 

But the cloud which had thus ceased to polarize the light emitted normally, 
ahowed vivid selenite colours when looked at obliquely. The direction of 
maximum polarization changed with the texture of the cloud. This point shall 
receive further illustration subsequently. 

A blue, equally rich and more durable, wns obtained by employing the 
nitrite-of-butyl vapour in a still more attenuated condition. Now the instance 
here cited is repretentatia. In all caaet, and with all substances, the cloud 
formed at the commencement, when the precipitated particles are sufficiently 
fine, ia bine, and it can be made to display a colour rivalling that of the purest 
Italian sky. In all ca^es, moreover, this tine blue cloud polarizes prrftvtly the 
beam which illuminates it, the direction of polarization enclosing an angle of 
80° with the axis of the illuminating beam. 

It is exceedingly inten*ting to observe both the perfection and the decay of 
thia polarisation. For ten or fifteen minutes after its first appearance the tight 
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from a vividly illuminated incipient cloud, looked at horizontally, is absolutely 
quenched by a Nicol's prism with its longer diagonal vertical. But as the sky- 
blue is gradually rendered impure by the introduction of particles of too large a 
size, in other words, as real clouds begin to be formed, the polarization begins 
to deteriorate, a portion of the light passing through the prism in all its posi- 
tions. It is worthy of note that for some time after the cessation of perfect 
polarization the residual light which passes, when the Nicol is in its position of 
minimum transmission, is of a gorgeous blue, the whiter light of the cloud 
being extinguished.* When the cloud texture hat become sufficiently course 
to approximate to that of ordinary clouds, the rotation of the Nicol cesses to 
have any sensible effect on the quality of the light discharged normally. 

The perfection of the polarization in a direction perpendicular to the illumi- 
nating beam is also illustrated by the following experiment A Nicol's prism 
large enough to embrace the entire beam of the electric lamp was placed 
between the lamp and the experimental tube. A few bubbles of air carried 
through the liquid nitrite of butyl were introduced into the tube, and they were 
followed by about 3 inches (measured by the mercurial gauge) of air which 
had been passed through aqueous hydrochloric acid. Sending the polarized 
beam through the tube, I placed myself in front of it, my eye being on a level 
with its axis, my assistant, Mr. Cottrell, occupying a similar position behind 
the tube. The short diagonal of the large Nicol was in the first instance 
vertical, the plane of vibration of the emergent beam being therefore also 
vertical. As the light continued to act, a superb blue cloud, visible to both my 
assistant and myself, was slowly formed. But this cloud, so deep and rich when 
looked at from the positions mentioned, utterly disappeared when looked at verti- 
cally downwards, or vertically upwards. Reflexion from the cloud was not 
possible in these directions. When the large Nicol was slowly turned round its 
axis, the eye of the observer being on the level of the beam, and the line of 
vision perpendicular to it, entire extinction of the light emitted horizontally 
occurred where the longer diagonal of the large Nicol was vertical But now 
a vivid blue cloud was seen when looked at downwards or upwards. This truly 
fine experiment was first definitely suggested by a remark addressed to me in a 
letter by Professor Stokes. 

Now, as regards the polarization of sky-light, the greatest stumblingblock has 
hitherto been that, in accordance with the law of Brewster, which makes the 
index of refraction the tangent of the polarizing angle, the reflexion which pro- 
duces perfect polarization would require to be made in air upon air ; and indeed 
this led many of our most eminent men, Brewster himself among the 
number, to entertain the idea of moleeidar reflexion. I have, however, operated 
upon substances of widely different refractive indices, and therefore of very 
different polarizing angles as ordinarily defined, but the polarization of the 
beam by the incipient cloud has thus far proved itself to be absolutely indepen- 
dent of the polarizing angle. The law of Brewster does not apply to matter in 
this condition, and it rests with the undulatory theory to explain why. When- 
ever the precipitated particles are sufficiently fine, no matter what the substance 
forming the particles may be, the direction of maximum polarization is at 

• This seems to prove that particles too large to polarize toe blue, polarize perfectly light 
of lower refrangibilit y. 
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n/thl angles In ihe illuminating beam, the polarizing angle fur mailer in tliia 
D being invariably -15".' 
iuppow MI atmosphere surrounded by an envelope impervious to li_jlit. hut 
willi an aperture on the sunward side through which a parallel beavu nf solar 
pnj) could enter and traverse the atmosphere. Surrounded on nil ndst 1-v tif 
illamiaated, Ihe track of such n beam through the air would re- 
ferable that of the parallel beam of ihs electric lump through an incipient 
oud. The sunbeam would be blue, and ii would discharge laterally light in 
wisely the name condition as that dweharged by the irmipient cloud. In fact, 
re revealed by such a beam would b-.» to all intents and purposes that 
which I have called a ' blur- cloud.' 

a« regards the polarization of the sky, we know that not only h the 
n of maximum polarization at ri^-bt auj.-l.-n to the track of the solar 
but that at certain angular distances, probably variable ones, from the 
stitml points," or paints of no pidarization. exist, on both sides of which 
« planes of atmospheric polarization are at right angles to each other. 
The parallel beam employed io these experiments tracked its way through 
e laboratory air exactly a- 1 sunbeams are seen to do in the dusty air of London. 
is air showed, though far less vividly, all the effects of polarization obtained 
h the incipient clouds. The light discharged laterally from the track of the 
minating beam was pnlr.riv.fd, though tint perfectly, the direction of mnxi- 
m polarization being nt right angles to the beam. 
The horizontal column of air thus illuminated Vll IS feet long, and could 
refore be looked at very obliquely without any disturbance from a solid 
relope. At all points of the beam throughout its entire length the light 
mitted normally was in the same elate of polarization. Keeping the positions 
; and the selenite constant, the same colours were observed 
roughout ilia entire beam when the line of vision was perpendicular to its 

• Th« difficulty referred to shove it (bus expressed by Sir .'nhn flerschel ;— 'Tin cause 
Jie poiariiatinn is stridently s reflexion of the sun's light upon MaufMaf. The qnmian 
a whst ? Were the .ngle uf maximum polarization ;D°. „ ihoulrl look to w.ter or 
as the reflecting body, however inronciivuiilc tin- rxi-ten.ic in u cloudless atmosphere, 
I a hot summer's day of unevaporated molecules (V particles) of wsier. Hut though we 
at once of This opinion, careful observation has satisfied us that 90°, or thereabouts, ts ■ 
angle, and tt»t therefore, whatever be the body no which the light has been 
A, ifpoluriad if a «W« rcftxUin, the pnlarliing angle must be 45°, and the index 
rrfroctlon, which i- the tangent of that sngle. unity ; in other words, the reflexion 
Id nqain to be made in sir boon Mir ! ' (Mrrmmlatiy, psr. 233). 

ly panicles, if small enough, will produce both the colour and the polarisation of the 
But ii the exiilenoe of small wator-partides on a hot summer's day in Ihe hi.jhrr 

it higher ilnm-plice hiing therefore in practical contact with the eold of spue*. 

: Si John llerschel, connecting the polnrizstiun and the bine colour of 
ike i. verified by the fcregntng results. -The more the su'ject [the polarisation of 

addem!,' writa this eminent philosopher, 'the more it will be id i * ■- M 

dilticullifi, snd iti "[iljinotion when arrived st "ill probnldy be found to carry wiih 
II at the blue colour of Ihe thy itself and of the gn-st quantity of light it actually do • 
daws la us.' ' We may observe, too,' he sdds, 'that it is only where the purity of tin 
lata that the polsmstion is developed in its higbest degree, and Dim wbera 
....■■ tendency to cirrus it ii materially impaired.' Tins appUai 
J.jf wurd to lbs ■ incipient clouds.' 
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I then placed myself new the end of the beam as it issued trom the iltcbu 
lamp, and looking ibroagh the. Nicol and sclenite more and mure obliquely ll 
the bWB, observed the colours fading until IbaydtaappMrMt A-i_ 

obliquity, the colour* appeared ones more, but Ihey tern now rompUmnuary to 
the frm* one,. 

ll beam, like the aky, exhibited it* neutral point, at opposite nfa 
of which the light was polarized in planes at right angles to each other. 

Thinking llint the action observed in the laboratory might be caused in woe 
way by the vaporous fumes diffused in its air, I had a balterv and an electric 
iainp rariied to a room at the top of the Itoyal Institution. The truck of Ai 
beam was seen very finely in the air of this room, a L-agtil of U ta U N< 
being attainable. This beam exhibited all the affect! observed with the bum 
in the laboratory. Even the uncondensed eli-c ri.--tiyht falling on the floating 
matter ahlTWit] though diimlv, the effects of pnlariiation." 

When the air was so sifted as to entirely remove the vitdhle floating 
matter, it no longer exerted any sensible action upon the light, but behaved lit" 

I had varied and confirmed in many wayt those experiments on neutral point* 
operating upon the fumes of chloride of ammonium, the smoke of brown paper, 
and tobacco smoke, when my attention was drawn bj Kir Charles WbeatsMit 
to an important observation communicated to the Paris Academy in 1891 Vr 
Professor Govi, of Turin. 1, His observations on the light of comets Lad le>i 
M. Oovi to examine a beam of light aant through a room in which mn 
dilliised the smoke of incense. He also operated on tobacco smoke. His fin' 
brief communication stated the fact of polarization by such smoke, but in his 
second com mil mention he Announced the discovery of a neutral prdnt in Ifct 
beam, at the opposite sides uf which the light was polarized in planes at right 
angles to each other. 

But, unlike my observations on the laboratory nir, and unlike the action of 
thu sky, the direction of maximum polarization in M. Govt's experiments en- 
closed a very- small angle with the axis of the illuminating beam. I 
was left in this condition, and I am not aware thai M. Govi or any other invr*- 
tigator has pursued it farther. 

I had noticed, as before stated, that as the clouds formed in the experiment"! 
tube became denser, the polarization of the light discharged at right arid* w 
the beam became weaker, the direction of maximum polarization becoming 
oblque to the beam. Experiment' ou the fumes of chloride of ammonium pfl 
me also reason to suspect that the position of the neutral point K'ai not c mutant, 
but that it varied with the density of the ill it m in at ing fumes. 

The examination of these questions led to the fullowing new and remarknWs 
results. — The laboratory being well tilled with the fumes of incense, ami 
sufficient lime being allowed for their uniform diffusing the electric beam 
was sent through the smoke. From the track of the beam polarized light 
was discharged, but the direction of maximum polarization, instead of being 
along the normal, now enclosed an angle of 12° or 13° with the axis of lb* 

A neutral point, with complementary effects at opposite sides of it, was al» 
exhibited by the beam. The angle enclosed by the axis of the beam, and • 
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a portion 



line drawn from ike neutral point to the oWer'i eye, measured in the first 
in- 1 'tn<>> 00°. 

The windows of the [lib oratory were now opened for some 
of the iin:- ii.*e smoke \n-)tij permitted to escape. Un again darkening the 
Had tin uing on the beam, the line of vision to the neulnd point was found to 
enclose with the axis of the beam an angle of 63°. 

b windows were Si-sin opened for a few minutes, more of the emoite being 
tted to escape. Sleasuled as before the MglfJ referred to was found to 
be 54°. 

Thin process was repeated three additional times ; the neutral point wiis found 
to recede lower and lower down the beam, the (ingle between a line drawn 
from die eve to the ueuiral point and the axis of the beam falling successively 
54*, Ui 49°, 43°, and !Ki°. 

The distances, roughly measured, of the neutral point from the lamp, corre- 
■ponding to the foregoing series of observations, were these : — 

M obscrvilion 2 feet 2 inches. 



6th 



At the end of this scries of experiment* thy direction of maximum polari- 

i had again become normal to the beam. 
The laboratory was next tilled with the fumes of gunpowder. In Ere suo 
;e ex peri i n ci it.-, c ij-rf.-poi ■lin^r to live different densities of the gunpowder 
smoke, the angles enclosed between the line of vision to the neutral point aud 
the Mis of the beam were 63°, 50°, 47°, 4i°, and .10° nsrnectirely. 

After the clouds of gunpowder had elesred away, tbe laboratory was filled 
with the fumes of common resin, rendered so dense aB to be very irritating to 
the lungs. The direction of maximum polarisation enclosed in this case on 
angle of 12°, or thereabout", with the axis of the beam. Looked at, as in the 
former instances, from a position near tbe electric lamp no neutral point was 
observed throughout the entire extent of the beam. 

'When this beam waa looked at normally through the selenite and Nicol, the 
ring system, though not brilliant, was distinct. Keeping the eye upon the 
date of selenite aud the liue of vision normal, the windows were opened, the 
ilinds remaining undrawn. The resinous fumes slowly diminished, and aa 
they did so tlie ring system became! paler. It finally disappeared. Continuing 
to look along the perpendicular, the rings revived, but now the colours 
■ere complementary to the former ones. The neutral point had pntitd ma 
i itt motion down the beam tunxquent upon the attenuation <■/ the fumet of 



In the fumes of chloride of ammonium substantially the same results wen 
obtained as tboe- jiurt described. Suilii-ient, I think, has been here stated ti 
illustrate the variability of the position of the neutral point.* 
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• 

Before quitting the question of the reversal of the polarisation by cloudy 
matter, I will make one or two additional observations. Some of the clouds 
formed in the experiments on the chemical action of light are astonishing ai to 
form. The experimental tube is often divided into segments of dense cloud, 
separated from each other by nodes of finer matter. Looked at normally, u 
many as four reversals of the plane of polarization hare been found in the tube 
in passing from node to segment, and from segment to node. With the fames 
diffused in the laboratory, on the contrary, there was no change in the polariit- 
tion along the normal, for here the necessary differences of cloud texture did 
not exist. 

Further. By a puff of tobacco smoke or of condensed steam blown into the 
illuminated beam, the brilliancy of the colours may be greatly augmented. Bat 
with different clouds two different effects are produced. For. example, let the 
ring system observed in the common air be brought to its maximum strength, 
and then let an attenuated cloud of chloride of ammonium be thrown into the 
beam at the point looked at: the ring system flashes out with augmented 
brilliancy, and the character of the polarization remains unchanged. This is 
also the case when phosphorus or sulphur is burned underneath the beam, so as 
to cause the fine particles of phosphoric acid or of sulphur to rise into the 
light. With the sulphur-fumes the brilliancy of the colours is exceedingly 
intensified ; but in none of these cases id there any change in the character of 
the polarization. 

But when a puff of aqueous cloud, or of the fumes of hydrochloric acid, 
hydriodic acid, or nitric acid is thrown into the beam, there is a complete 
reversal of the selenite tint*. Each of these clouds twists the plane of polari- 
zation 90°. On these and kindred points experiments are still in progress.* 

The idea that the colour of the sky is due to the action of finely divided 
matter, rendering the atmosphere a turbid medium, through which we look at 
the darkness of space, dates as far back as Leonardo da Vinci. Newton con- 
ceived the colour to be due to exceedingly small water particles acting as thin 
plates. Goethe's experiments in connexion with this subject are well known 
and exceedingly instructive. One very striking observation of Goethe's referred 
to what is technically called * chill* by painter?, which is due no doubt to 
extremely fine varnish particles interposed between the eye and a dark back- 
ground. Clausius, in two very able memoirs, endeavoured to connect the 
colours of the sky with suspended water-vesicles, and to show that the impor- 
tant observations of Forbes on condensing steam could also be thus accounted 
for. Briicke's experiments on precipitated mastic were referred to in my last 
abstract. IJelmholtz has ascribed the blueness of the eyes to the action of 
suspended particles. In an article written nearly nine years ago by myself, the 
colours of the peat smoke of the cabins of Killarney t and the colours of the 
sky were referred to one and the same cause, while a chapter of the * Glaciers 
of the Alps,' published in I860, is also devoted to this question. Roscoe, in 

• Sir John Herschel has suggested to me that this change of the polarization from po?U 
tive to negative may indicate a change from polarization by reflexion to polarization by 
refraction. This thought repeatedly occurred to me while looking at the effects; but it 
will require much following up before it emerges into clearness. 

f I have sometimes quenched almost completely, by a Nicol, the light discharged 
normally from burning leaves in Hyde Park. The blue smoke from the ignited end of t 
cigar polarizes also, but not perfectly. 
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a with his truly beautiful experiments on tbe photographic power of 



i^lit, hns also given \ 



of llie production of colour by 



. liiiclas. In the foregoing experiments the uure wm produced In 
■ libttods depth and purity far surpassing anything that I bavo ever 
B-flUed liquids. Its polarization, moreover, w as perfect. 
In lii- ■Mperimenla on fluorescence Professor Stokes had continually to 
light reflected from tie motes suspended in his liquids, the action 
which In- iimned 'false dispersion,' from the fluorescent light of the same 
ii;,l- --liiL-h he ascribed to ' true dispersion.' In fact, it U bardly possible to 
t..in a liquid without motes, which polarize by reflexion the light falling 
on them, truly dispersed light being tin polarized. At p. 530 of his celebrated 
■MM 'On the Change of Ibe ltefrangibility of Light,' Professor Stoltes adduces 
me significant facta, and makes some noteworthy remarks, which bear upon 
r present subject. He notices more particularly a specimen of plate-glasi 
lich, seen by reflected light, exhibited a blue which was exceedingly like an 
ect of fluorescence, but which, when properly examined, was found to be an 

, . iij ■ .i.iii. ■ It •■l'l'.'u •dih-k ,' liu writes, ' while engaged in 

ese observations, that when the beam bad a continuous appearance, the 

olarization was more nearly perfect than when it was sparkling, so as to force 

n the intud tbe conviction that it arose merely from motes-" indeed in the 

t ca.se the polarization has often appeared perfect, or all but perfect It 

. l! this may in some measure have been due to the ciicuuiatanie, 

it wbeu a given quantity of light is diminished in a given ratio, the illunii- 

iou-is perceived with more difficulty when the light is diffused uniformly 

thso when it U spread over the same space, but collected into speck*. Ifu 

a it may, there was at leatt no tendency observed towards polarization in 

i plane perpendicular to the plane of reflexion, when the suspending particles 

ii. r, and therefore the beam more nearly continuous.' 

tbe courtesy of its owner, I "have been permitted to see and to 
■ with the piece of plate-glass above referred to. Tiaced in front 
trie lamp, whether edgeways or transversely, it dischargi-s bluish 
wlarised light laterally, the colour being by no means a bad imitation of the 
ie of the dry. 

-r .kes considers that this deportment may be invoked to decide 

it the direction of the vibrations of polarized light. On this point 

. if it can be di'uioustrated that when the particles are small in 

ompariaon to tbe length of a wave of light, the vibrations of a ray reflected by 

neb parlicU-s cannot be perpendicular to the vibrations of the incident light; 

then ajpnredly the experiments recorded in the foregoing communication decide 

i favour of Fresnel's assumption. 

.l.uve, almost all liquids have motes in them sufficiently numerous 

o polarize mnsibly the light, and very beautiful ettecls maybe obtained by 

implc ertilicial devices. When, for example, a cell of distilled water is placed 

n ft mi t ol the electric lamp, and a *Uf* of the beam permitted to para through 

t, scarcely any.polarited lij|hi_^^^^^Bj|d mi il| any colour produced 
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wiih a plate of a tkaato. But wkfletfaW« ia fiMij, throogh it, if ttetof 
•otpbe agitated m the water abort the tons, the aaooaeax the infinitcwua 
partidea reach the ban the fiqad Beads forth laieallj almost perfectly 
pofarrrrd tight; aad if the atfcaite be eaapaoyai, Ttiid colours flash into ak- 
A fdll aaore hnDiaBt vaaah ia obtained with aaaatic dissohred in a gwtt 
ucaaofakohoL 

The aekmte ring* um s til aa u an fxlm a tly ii Ur a te teat aa to theqrontitjrof 
maUqcbd. Comaaeadnr with distilled water, far example, a thicbih 
of light ia nttrwmij to make tha polarisation of Ha mote* amble. A 

for common water; while with Brake's precipt- 
too this to p to d ace any sensible cJfcct with moat other 
fioprida, eanacea to bring oat vividly the 




ON COilETARY THEORY* 

Os the 8th of May 1869, in a lecture delivered before the Cambridge Philo- 
sophical Society, I ventured to enunciate a speculation regarding the origin and 
deportment of visible cometary matter, I hod been led to reflect on tbe subject 
by my experiments on the decomposition of vapours by light 1'he speculation 
was introduced and communicated to the Philosophical Society in the following 

' Id the course of my experiments on actinic action 1 have been often astonished 
at the body of light which a perfectly infinitesimal amount of matter, when ■ 
diffused in the form of a cloud, can discharge from it by reflexion. I have been 
repeatedly perplexed and led into error by the action of residues so minute as 
to be simply inconceivable. In order to get rid of these residues, my experi- 
mental tubes, after having been employed for any vapour, are flooded with 
alcohol, aponged-out with soap and hot water, and finally flooded with pure 
water. Let me give you some idea of the quantities of matter that here come 
into play. The tuba before you, which is 3 feet long and 3 inches wide, was 
o thoroughly cleansed that when filled with air, or with the vapour of aqueous 
hydrochloric acid, no amount of exposure to an IlitUMl light produced the least 
cloudiness. Having thus assured myself of the perfect purity of the tube, I 
took a small bit of bibulous paper, rolled up into a pellet not the fourth part of 
the size of a small pea, and moistened it with a liquid possessing a higher 
boiling-point than that of water. I held the pellet with my Angers until it had 
become almost dry, then introduced it into a connecting-piece, and allowed dry 

us ovor it into this tube. The air charged with the modicum of vapour 
thus taken up was subjected to the action of light. A blue actinic cloud began 
to form immediately, and in five minute* the blue colour had extended quite 
through the experimental tube. For some minutes this cloud continued blue, 

Id be completely quenched by a Nicol's prism, no trace of it* light reach- 
ing the eye when the Kicol wag in its proper position, lint its particles 
augmented gradually in magnitude, and at the end of fifteen minutes a dense 
white cloud tilled the tube. Considering the amount of the vapour carried in 
by tbe sir, the appearance of a cloud bo massive and luminous seemed like the 
creation of a world out of nothing. 

' But this U not alt ; the pellet of bibulous paper was removed, and tbe 
experimental tube was cleared out by sweeping a current of dry sir through it 
T/iit vunetU paned alio throwjh the tiinii>vtiity-pirr« lit which the pellet of hihulota 

ail rented. The air was at length cut otT and the experimental tube 

• PhikKphiad llagntint Sol April 1WJ. 
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exhausted. Fifteen inches of hydrochloric mad were then **■■■■ 
through the same connect] ng-piece. Now it is here ti 
lot*l quantity of liquid absorbed by the pellet in the first i 
iuglv hiiihII i I'i't that nearly the whole of this small quantity hail been nl 
to evaporate between my lingers before the pellet was placed in the ronnecting- 
pieee ; (3) that the pellet bad been ejected and the tube in which it rested 
rendered fur some minutes the conduit of a strong current of pure air. It wa 
part oft-nth a residue as could linger ill the connecting-pieco after this pfoMe, 
that was carried into the experimental tube by the hydrochloric acid and sub- 
jected there to the action of light. 

'One minute after the ignition of the electric lump a faint cloud shoved 
itself; in two minutes it had tilled all the anterior portion of the tube sad 
stretched a considerable way down it; it developed itself afterwards into a very 
beautiful cloud-figure; and at the end of fifteen minutes the body of light dis- 
charged by the cloud, considering the amount of matter involved in its produc- 
tion, was simply astounding. But though thus luminous, the cloud was far WO 
flu I.' dim in any appreciable degree objects placed behind it The dnmeofi 
candle teemed no more affected by it than it would be by a vacuum. Hwang 
u page of print so that it might be illuminated by the cloud itself, it coidd le 
read through the cloud without any sensible enfeeblement. Xothine could 
more perfectly illustrate that 'spiritual texture' which Sir John Iferechel 
ascribes to a comet than these actinic clouds. Indeed, experiments prored tint 
matter of almost infinite tenuity is competent to shed forth light far mors 
intent than that of the tails of comets. The weight of the matter which 
acnt this body of light to the eye, would probably have to be multiplied by 
millions to bring it up to the weight of the air in which it hung, 

!' And now will you bear with me for fire minutes will I endeavour to 
apply these results to cometarv theory ? lain encouraged to do so by aremt* 
of Bessel's, who said that had any theory preceded his observations on Halt/' 
comet, by fixing his attention either upon its verification or its confutation! ■' 
would have enabled bim to return from his observations with a greater 
knowledge than be had actually derived from them.* If time permitted, 1 Afl 
like to lead you by an easy gradient up to the view that I wish to subii; 
you ; hut time does not permit of this, and therefore the speculation n 
suffer from the huhluess arising from the absence of such prejiuraiio 

'You are douiittess aware of the tremendous difficulties which beset coin" 
theory. The comet examined by Newton in 10HO shot out a tail sixty millJ" 
of miles in length in two days. The comet of 16-13, if I remember aright, A 
out in a single day a tail which covered 100 degrees of the heaven". ThM 
enormous ranch of cloudy mutter is supposed to be generated in the head el the 
comet and driven backwards by some mysterious foico of repulsion exerted bj 
the sun. Bessel devised a kind of magnetic polarity and repulsion to account 
for it. " It ia clear," says Sir John Ilerschel, " that if we hme (e M km 
with mailer loch at we awot'iv it, I'ia. pusiesting inertia, at all, it must be under 
the dominion of forces incomparably more energetic than gravitation, and quite 

• The remark of Bessel here referred to 1 fimnd in PoggendorlTs Annate*, vol, xixviii. 
p. 199. Thins are hi« woril* : — ' Jell L'l«"l>e riamlich. dan wir weit brsiiehbarere Bmbarh- 
tungi'n uUr die [1 esc ha (Ten hi- it tier Kiimeten beeitxcii wllrdrn, sla wir wirklkh beriUat, 
wmiii cine ErkUrung Jit Beobschtungcn vurh imlen geweien nitre, an wtlcher neb dM 

Widcr-i'ru'. h uil« di» UeiUlitjuny liUiien lijh.ii kOanen.' 
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a different nature." And in another place lie states the difficulties of tbe 
subject in the following remarkable words: — 

• There is beyond question some prof iimd secret ami mystery of nature con- 
cerned in the phenomenon of their tails. I'erhnpa it is not too roiK b to hope 
that future observation, borrowing every aid from rational speculation, grounded 
on tbe progress of physical science generally (especially lliow branches of it 
which relate to the tctbereal or iinp"ii'l ci»ble elements), may ere long enable 
us to penetrate this mystery, and to declare whellier it is really matttr, in tbe 
ordinary acceptation of the terra, which is projected from their beads with such 
extravagant velocity, and if not impelled, at least dirrricd in its course by a 
reference to the sun at its point if avoidance. In no respect is this truest ion as 
lo the inuteriality of the tail more forcibly pressed on us for eons hie ration than 
in that of tbe enormous sweep wliich it makes round the sun inftrHlllt, in tha 
tuanuerof a straight and rigid rod, in defiance of the law of gravitation, nay, even 
of the received laws of motion, extending (ns we have seen in the COJBttaai 1980 
«nd 1*13) from near the tun's surface to tha earth's orbit, yet whirled i-mmd 
unbroken — in the Intter case through an anjjla of 1S0° in little more than two 
hours It seems utterly incredible that in such a case it is one and tlie 

■rial object which is thin brandished, [1 would especially i 
render's attention to thea* words in rtftrettN 1" At following theory. — J.T.J 
~t there could be conceived mieh I thing M a ■ H ge ft' ss 'Jmiloic, a momentary 
mpression made upon the Inminiferous ns titer behind the comot, thia would 
(present in some degree the conception such a phenomenon irresistibly calls 

ask for permission to lay before you a spccuLlion which seems lo do 
iy with all the.-e difficulties', and which, whether it represents a physical 
not, ties together the phi-iuiinena exhibited by Comets in a remnrk- 
[y satisfactory way. 

' 1. The theory is. that a comet is composed of vapour decomposable by the 
light, the visible bead and tail liiin^ an aclinic cloud resulting fr"in -uch 
iiujNisitioii ; the texture rjf actinic clouds is demonstrably that of a Monet 
i\ l"li>- tail, according lo this theory, is not projected matter, but matter pre- 
dated on the solar beams traversing the cometary atmosphere. It Can lie 
ed by experiment that this precipitation may occur either with compmntivH 
mv -• along the beam, or that it may be prttctii-<dly momentary throughout 
I entire length of tbe beam. The ktmUrng rapidity of the development of 
s tail would be thus accounted for without in Taking the incredible motion of 
melstion hitherto assumed. 

'3. As the comet wheels round ils perihelion, the tail is not composed tbmugh- 
t of the same matter, but of new matter precipitated on the solar b-'ama, 
t.t.ri evdh the cometary atmosphere in new directions. The enormous whirl- 
■ of the tail is thus accounted for without invoking a motion of translation. 
4. Tbe tall is always turned frum the sun for this reason:- Two ants- 
lisiic powers are brought to Lear upon the cometary Tapour. — the one an 
tWc power, lending to produce precipitation; the Other nraJwi/Sr power, 
iding to effect vaporization. Where tbe former prevails, we have the ronie- 
3VJ cloud; where the Intter prevails, we bare the transparent cometary 
pour. As a matter of fact, the sun emits the two ig«nts here invoked, 
iere ia nothing whatever hypothetical in the a-sumpliun of their existence. 
at precipitation should occur behind the head of the comet, or in the space 
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it m only wiiwy Id ■■■■inn Oat the rat 
> csoaaaaar/ by the head nd ndm tarn the 
the ■■hatiin eaam imit i of the acthue nyi 
d eaahles them to arm* down the dead whim 



mdmnpamiV? 
The tail km towum 
mmofemv* 




*6l fatWatnaja^farBaMlerrof tketm^daawsof nye e temporary eivm- 
■uoom of eeenity or mm other aon, amy be gained by tm 
m parts of the cometary atmosphere which am unanemmVj 
lateral etieaamr*, and the apparent ommnVa of foea 
woali he thaa accounted for. 

H of the oakafic warea, whmk dmnpeta Ha attenuated frinrs 




«Tbr^eoa* taistaeorrl have dealt entaarrer/ wife tree enuem, and at 
agency baa hoaa arreted whkk doet aot net oa the aura basis father of 
ehamatiuai or experiment. It tf amies whh job to say whether hi Tentorial 
to lewmcmm it I hare tfaaigneaid the Bntita of "rational speculation.' 

* If I hare daae ea, surely I eoald aot hare come to a place more certain to 
eaeaxe ary apsedy carreetiou. If the theory he a mere figment of the ami, 
roar Adams aad roar Stokes (both happily here present), to whom I mean 
the fperemtkei wha the tow of haiing it instantly annihilated by aitronoey 
aad phraca, if it merit no better fete, will, I doubt not, effectually dischiiya 
that dutr, mad tans tare both too and me from error before it has had time to 
lav sty jtricms hold on our imagination '' 



mar be comets whose Tapour b aaoVeoeapofable by the sen, or which, if deooo- 
pc**M» u i*>t (vretpuated. That tot opt— ot the poawihilitT of invisible comets waaderiag 
thiuwjsh *p*o*. partuso lanceping «m tbt earth and afeetiag its sanitary condition witswtf 
our beiu£ otaxrviat cookm* of their paesage. Am mgarut teaufy, I entertain a sto«sf 
ptrw*a>*a thai oat of a few o«ji-«s (the poaaUe weight assigned by Sir John Hencbd to 
Britain vvnwtet of kdioVofstllvl rapHir, an actinic duud of the magnitude and luaiiBoe> 
bob «tf lVa*li'» cveact uu^bi he mimifarmrcd. 



xvn. 

ON THE FORMATION AND PHENOMENA OF CLOUDS .• 

It is well known that when a receiver filled with ordinary undried air is 
exhausted, a cloudiness, due to the precipitation of the aqueous vapour diffused 
in the air, is produced by the first few strokes of the pump. It is, as might be 
expected, possible to produce clouds in this way with the vapours of other 
liquids than water. 

In the course of the experiments on the chemical action of light which have 
been already communicated in abstract to the Royal Society, I had frequent 
occasion to observe the precipitation of such clouds in the experimental tubes 
employed ; indeed several days at a time have been devoted solely to the gene- 
ration and examination of clouds formed by the sudden dilatation of the air in 
the experimental tubes. 

The clouds were generated in two ways : one mode consisted in opening the 
passage between the filled experimental tube and the air-pump, and then 
simply dilating the air by working the pump. In the other, the experimental 
tube was connected with a vessel of suitable size, the passage between which 
and the experimental tube could be closed by a stopcock. This vessel was first 
exhausted; on turning the cock the air rushed from the experimental tube 
into the vessel, the precipitation of a cloud within the tube being a consequence 
of the transfer. Instead of a special vessel, the cylinders of the air-pump itself 
were usually employed for this purpose. 

It was found possible, by shutting off the residue of air «nd vapour after each 
act of precipitation, and again exhausting the cylinders of the pump, to obtain 
with some substances, and without refilling the experimental tube, fifteen or 
twenty clouds in succession. 

The clouds thus precipitated differed from each other in luminous energy, 
some shedding forth a mild white light, others flashing out with sudden and 
surprising brilliancy. This difference of action is, of course, to be referred to 
the different reflective energies of the particles of the clouds, which were pro- 
duced by substances of very different refractive indices. 

Different clouds, moreover, possess very different degrees of stability ; some 
melt away rapidly, while others linger for minutes in the experimental tube, 
resting upon its bottom as they dissolve like a heap of snow. The particles of 
other clouds are trailed through the experimental tube as if they were moving 
through a viscous medium. 

Nothing can exceed the splendour of the diffraction-phenomena exhibited by 
some of these clouds; the colours are best seen by looking along the experi- 

* Proceedinge of the Royal Society, No. 110, 1869. 
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mental tube from a point above it, the face being turned towards tbe source ot 
illumination. The differential m >tions introduced by friction against th« &. 
terior surface of the tube often cause the colours to arrange themselves k 
distinct layers. 

The difference in texture exhibited by different clouds caused me to look i 
little more closely than I had previously done into the mechanism of cloud- 
formation. A certain expansion is necessary to bring down the cloud; the 
moment before precipitation the mass of cooling air and vapour may be 
regarded as divided into a number of polyhedra, the particles along tbe 
bounding surfaces of which move in opposite directions when precipitation 
actually sets in. Every cloud-particle has consumed a polyhedron of vapour in 
its formation ; and it is manifest that the size of the particle must depend, not 
only on the size of the vapour polyhedron, but also on the relation of the den- 
sity of the vapour to that of its liquid. If the vapour were light, and the 
liquid heavy, other things being equal, the cloud-particle would be smaller than 
if the vapour were heavy and the liquid light There would evidently be more 
shrinkage in the one case than in the other : these considerations were found 
valid throughout the experiments ; the case of toluol may be taken as repre- 
sentative of a great number of others. The specific gravity of this liquid is 
0*85, that of water being unity ; the specific gravity of its vapour is 326, that 
of aqueous vapour being 6. Now, as the size of the cloud-particle is directly 
proportional to the specific gravity of the vapour, and inversely proportional to 
the specific gravity of the liquid, an easy calculation proves that, assuming 
the size of the vapour polyhedra in both cases to be tbe same, the size of the 
particle of toluol cloud must be more than six times that of the particle of 
aqueous cloud. It is probably impossible to test this question with numerical 
accuracy ; but the comparative coarseness of the toluol cloud is strikingly 
manifest to the naked eye. The case is, as I have said, representative. 

In fact, aqueous vapour is without a parallel in these particulars ; it is not 
only the lightest of all vapours, in the common acceptation of that term, but 
the lightest of all gases, except hydrogen and ammonia. To this circumstance 
the soft and tender beauty of the clouds of our atmosphere is mainly to be 
ascribed. 

The sphericity of the cloud-particles may be immediately inferred from their 
deportment under the luminous beam. The light which they shed when 
spherical is continuous : but cloud* may also be precipitated in solid flukes; and 
then the incessant sparkling of the cloud shows that its particles are plates, and 
not spheres. Some portions of the same cloud may be composed of spherical 
particles, others of flakes, the difference being at once manifested through the 
calmness of the one portion of the cloud, and the uneasiness of the other. The 
sparkling of such flakes reminded me of the plates of mica in the River Rhone 
at its entrance into the lake of Geneva, when shone upon by a strong sun. 
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